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called  the  National  Emission  Sumdards  for  Hazardous  Air  Pollutants  (NESHAPs). 

the  cost  ofan  ait  control  system.  Recirculating  a portion  of  the  air  back  into  Uie&cility  is 
on  option  to  reduce  the  amount  of  air  to  be  treated.  A guided  computer  model  written  in 
Microsoft  Excel  97®  is  developed  to  analyze  worker  safely  and  compliance  costs  with  a 
focus  on  recirculation.  The  model  has  a chemical  database  containing  over  1300 
chemicals  and  requires  inputs  such  as  tasks  performed,  hazardous  products  used,  and 


AcasesliidyispcrfoiTnedonaC-130  ^raft  painting  fecQity  at  HillAFB,  UT. 

The  Aerospace  NESHAP  requires  air  pollution  reductions  in  aitcrali  painting  operations. 
TiK  mode!  predicts  strontium  chromate  concemrotkms  found  in  primer  paints  will  reach 
1000  times  the  OEL.  Strontium  chromate  and  othet  solid  pankulaies  are  nearly 
unafTecled  by  recirculation  because  the  air  is  filtered  prior  to  recirculatioa  The  next 
highest  chemical,  hexnmelhylenc  diisocyanaie  (HDl),  increases  from  2.6  to  lO.S  times  the 
OEL  at  0%  and  1S%  reciicublion.  respectively.  Due  to  the  level  of  reqiiiaiory  protection 
required  Ibr  the  sironlium  chromoie,  workers  are  well  protected  from  the  modest 
increases  in  concentrations  caused  by  recirculating  75%.  The  inhial  cost  of  a VOC  control 
system  with  no  recirculation  is  S4, 5 million  and  SI  . 8 million  at  75%  recirculatiorL 

To  decide  the  best  operating  conditions  Ibr  a fecilily,  all  options  such  as  product 
substitution,  operational  changes  or  recirculaiion  should  be  explored.  The  model  is  an 
excellent  tool  to  evaluate  these  oplbns.  At  the  Hill  AFB  facility,  the  model  h^hlights 
strontium  chromate  prinvrs  as  good  candidates  for  substitution.  It  also  helps  determine  a 
safe.  cost-eHeciive  level  of  recirculation.  The  model  shows  that  recircubting  75%  of  ihe 
air  at  the  Hill  AFB  frcility  has  a negligible  impact  on  safety  and  could  save  S2.7  million  on 
Ihe  nhinl  expenses  of  a VOC  control  system. 


CHAPTER  I 
INTRODUCTION 


The  purpose  of  Ihls  siudy  is  lo  design  and  implemetii  a compmer  model  lo  assess 
recirculaltng  industrial  air  back  into  on  enisling  bcilily.  Recirculaiing  industrial  air  has 
mteived  more  aneniion  recently  because  it  can  significantly  cm  the  cost  of  complying  with 
new  cnvironmemal  air  reguialions.  This  is  panicuiariy  true  when  treating  large  volume 
airstreoms  containing  dilute  pollutants.  The  question  that  the  computer  model  is  designed 
to  help  answer  is:  'how  much  air  can  be  safely  recirculated  wiihom  exposing  the  workers 

concentrations  will  increa.se  In  some  degree  due  lo  recircublion.  The  model  developed  in 
this  research  will  determine  the  incremenlal  increase  in  chemical  concenmilions  relaiive  to 
varying  levels  ofrecirculaied  air.  The  model  uses  mass  helance  calculations  and  reties 
chemical  concentrations  lo  their  respective  occupational  exposure  limits  (OEU)  set  by  the 
Occupolionnl  Safely  and  Heahh  Administration  (OSHA)  or  the  Amerkati  Conference  of 
Governmental  Industrial  Hygienists  (ACGIH).  A case  study  usinga  C-ITO  aircraft 
painling  facility  al  Hill  AFD,  UT.  is  evaluated  to  demonstrate  the  use  of  the  modeL  The 
chaplets  in  this  document  and  u brief  description  of  each  ore  organized  as  follows: 

OSHA  reguialions  suroundli^fhc  handlii^  of  industrial  nir.  The  concept  of  recirculatton 


will  be  diaclUiseil  Adescripiion  oTlhe  recireuliuionmodcl  wiU  be  iiuroduced.  Also,  the 
demonstralion  site  al  the  Hilt  AFB  paiming  bcllity  will  be  discussed. 


nic  histoiy  of  cosl^ncfil  analysis  in 


govemmcnlal  regulalions  is  discussed.  The  conHicl  belween  the  OSHA  and  the  EPA 
iovolvifig  handling  industrial  air  emissions  is  reviewed.  The  need  fur  a coir^uler  model  to 
help  decide  how  to  handle  indusihal  air  safely  and  cost-eSeclively  is  esamined. 

Chanter  j tTheories  and  Assumpliunsl.  Derivations  oflbc  formulas  used  in  the 


mode!  In  predict  air  conccntnuioits  and  air  control  costs  are  presemed  along  with  a 


discussion  of  the  associalcd  assumptions. 

rhMpi/rd  fAhnm  The  ModcIV  A detailed  user's  manual  for  the  computer  model 


is  provided.  All  input  variables  and  oi 
rhanler  S frase  Sludvl.  Tbc  < 
130  Painting  Operations  demonsl  ratio 


itpui  data  used  the  model  are  discussed, 
various  tasks  and  products  used  ni  the  Hill  AFB  C- 

lemtine  which  input  variables  are  required. 

The  validation  procedures  performed  on  various 


parts  ofthe  model  are  presented.  Vendors  provided  price  quotes,  which  ore  compared  to 
the  modefs  cost  predictions.  Actual  on-siic  air  sampling  results  arc  comparcd  to  the 


modefs  air  concentration  predictions.  Finally,  a Monte  Carloi  sensitivity  analy^  and  a 
qualitative  scnsilivily  analysis  arc  used  to  assess  the  rclalivc  importance  of  diflcrcnl 
variables  on  the  model's  predictionE. 


deleimine  the  probability  of  a range  ofoulcomes.  The  Impact  of  each  variable  on  the 
outcome  can  then  be  assessed.  Sonware  called  Crystal  Bali  Is  used  in  this  analysis. 


J.  The  modcfs  oulpuis  for  ihe  Hill  AFB 


paialing  Ihcility  are  discussed.  RecommcndaiiotB  and  conclu^ns  based  on  Urcsc  outputs 
are  also  provided. 


The  1990  Clean  Air  Act  Amendments  (CAAA)  sgned  imo  law  by  Presideni  Bush 

pollutants  (HAPs).  In  1990.  Congress  had  become  impoiienl  over  the  fact  that  the  EPA 
had  only  regulated  7 HAPs  in  2S  years.  The  1990  CAAA  requires  the  EPA  to  reguble  air 
emissions  of  I S9  specified  chemicals  (HAP  list).  The  EPA  is  required  to  regulate  any 
facility  that  produces  over  23  tonafyear  fhtm  the  HAP  list  or  over  10  toits/year  ofany 
individual  chemical  on  the  HAP  list  by  the  year  2000  (Sexton.  1995:218).  The  EPA  is 
also  n.-quired  to  add  25  new  chemicals  to  the  list  every  three  years  starling  from  1 990 
(Elsevici,  1995;  214).  The  approach  taken  by  the  EPA  is  to  regulate  all  mnjor  industries 
that  produce  large  quantities  of  HAP  emis^ns.  Each  facility  is  required  to  follow  the 
indusuy  specifle  regulations  known  collectively  as  the  National  Emission  Standards  for 
Hazardous  Air  Pollulams(NESHAPs).  As  an  example,  iheU.S.  Air  Force  is  largely 
impacted  by  the  "Aerospace  Manulacniring  and  Rework"  NESHAP.  which  regulates  any 
facility  which  performs  construction  or  mainictiance  on  an  aircrali. 

In  general  each  NESHAP  requires  that  everyone  in  the  industry  must  comply  with 
ihu  Maximum  Achievable  Control  Technology  (MACT).  The  MACT  is  based  on  the 
average  air  pollutant  emissions  from  the  cleanest  125k  of  the  industry  without 


> (he  actual  risk  posed  by  the  pollu 


HAP cmissioRS (Hughes el al„  IW4). 


In  nany  workplaces.  OSHA  regulations  require  a raininuim  air  velochy  in  order  to 
keep  polhimms  away  from  a worker's  breathing  zone.  If  an  industrial  feciliiy  has  a large 
volume,  a minimum  velocity  results  in  a large  airflow.  This  large  airflow  may  have  a dilute 
concemration  of  pollutants.  Airflow  is  a major  factor  in  the  coa  ofan  air  ireaunent 
control  device.  A large  airflow  is  nmicipaled  to  he  cirpensive  in  trying  to  coitiplj  with  the 
new  NESHAP  regulations.  For  exangtle.  a small  paim  fteility  at  Travis  AFB.  CA.  with  a 
Row  mte  of  30.000  efin  is  estimated  to  cost  S400.000  annualJy  using  ihennal  incineration 
as  an  air  control  device  (Hu^etaL,  1994:  gS). 

The  NESHAP  regulations  have  nuidc  the  idea  of  reeireulalii^  some  fiaciionoflhe 
exhaust  air  back  through  a foeilily  very  appealing.  Recirculation  will  reduce  the  airflow  to 
be  treated,  which  will  reduce  the  size  and  cost  of  the  ireslment  ^em.  IC  for  example. 
SOHoflhe  exhaust  air  is  filtered  and  recirculated  back  into  the  faciUty  then  only  the 
renuiining  50M  is  left  for  ireaunent  and  the  cost  is  nearly  cut  in  halt  There  is  an  added 
benefit  of  reduced  healing  or  cooling  costs  because  the  loss  of  climate  controlled  air  will 
be  reduced.  Recircublion  will  also  allow  the  air  velocily.  required  by  OSHA.  to  remain 
unchanged.  An  Ulusirelion  of  the  recirculation  concept  is  shown  in  figure  l-l. 

OSHA  Reaulalions 

One  way  oflooklngalreeirculaliunisthal  if  is  a Irndcoff  between  two  federal 


l popuiulkins.  Basically.  OSHA  | 


Figure  I - 1 Reclrcublioii  Concqil 

poUutani:i  outdoors  awuy  from  a worker's  breathing  zone.  The  EPA  regulations  influence 
industry  to  contain  pollutants  indoors  or  away  from  the  outside  cnvirunment  and  the  looal 

pcr^tcciivc  of  industrial  hygiene  personnel  whose  job  Is  to  keep  employees  safe  from 


With  reeircufatlon.  workers  in  a facility  could  potentially  be  exposed  to  higher 
levels  of  pollutants.  OSHA  reguJalioiis  require  that  no  worker  shall  be  exposed  to 
chemical  concentrations  above  a ^eoilied  OEL.  In  this  study,  chentical  concentrations  are 
computed  nt  various  recirculation  levels  and  the  concentrations  will  be  compared  to  the 

There  are  other  philosopliical  questions.  For  cxan^le.  are  OSHA  exposure  limits 
more  or  less  protective  than  EPA  environmental  limits?  Due  to  dilTerences  in  risk 
philosophy.  EPA  limits  are  generally  considered  more  protective  than  OSHA  limits 
(Sexton:  214).  Recirculated  industrial  air  may  inroasu  worker  exposure  to  some  degree 
but  there  is  a tradeoff  with  cost,  environmental  polhilion  and  ri^  to  people  living  near  the 


6cllity.  Also,  a decision-rrakcr  who  is  consklcrmg  recirculation  musl  determine  bow 
much  ofan  increase  in  indoor  air  concentrations  is  high  enough  to  cause  concern  for 
woikera  in  the  fhcility.  Dectsions  concerning  worker  safety  are  made  by  Industrial  hygiene 
personnel  who  may  ditler  in  professional  judgement.  There  is  also  the  consideration  that 
workers  can  be  protected  with  respirators  whereas  tbc  environment  or  the  puMic  can  not 
te  protected  in  this  feshioiL  Some  argue  thal  workers  volunteer  to  worii  in  a facility  and 
Iherefore  accept  and  are  paid  for  the  risk  of  the  job.  Others  argue  thal  workers  often  have 
lirtle  choice  and  eonceniratlons  in  a workplace  are  substamblly  higher  than  in  the 

It  is  ea^  to  see  lhal  Ihcre  arc  many  influences  lo  redesigning  an  air  Ireatmenl 
system  and  a thorough  case-by-ease  analysis  is  required  lo  assist  decision-makera  with 
choices  for  o ^en  fecQrty.  This  study  will  not  be  able  to  address  all  these  issues  but  the 
importani  quantiftablc  issues  will  be  addressed.  The  final  decision  is  always  up  lo  the 
deciskm-maker.  The  model  developed  in  this  research  offera  a valuable  tool  to  undersund 
the  confusing  array  of  multiple  variables  and  multiple  objeclives. 

The  Model 

The  purpose  of  this  study  is  lo  develop  a compulcr  model  to  balance  woiker  safety 
and  air  control  costs  to  help  deicrmiiie  what  level  of  recirculation,  ifai^.  is  safe  and  cost 
effective.  The  model  will  also  help  whh  other  choices  such  as  product  subslilullons  or 
operational  changes  that  could  fncililuie  EPA  and  OSHA  compliance.  The  cort^uler 
rarsdel  has  been  built  in  Microsoft  Excel  97  tU  (henceforth  referred  lo  as  ExceO  and  inputs 
arc  entered  through  Visual  Basic  for  Applications  ® (VBA).  The  user  musl  run  the  model 


or  Excel  97  or  higher.  A 90MHz  Pemiurawilh  at  least  16  Megabytes  of  RAM  is  required 
to  run  the  model  ol  a tolerable  speed.  The  user  loads  specilk  mfortnalioit  such  as  the 
types  of  ladr  performed  in  the  facility  and  the  types  of  products  used  in  those  tasks.  Other 

product  arc  also  required.  The  iiiodci  uses  mass  baiance  calculations  to  compute  indoor 
air  cottcenlrattons  for  each  chemicai  under  diSeicni  reutreuiation  sceimrios  (see  Chapter  3 
for  caiculations).  The  modei  wiil  then  vary  the  degree  of  mcicculalion  and  output  the  air 
concentrations,  fire  hazards,  control  costs,  and  a variety  of  other  outputs  (see  Chapter  4 
fbr  how  to  use  the  model). 

U.S.  Air  Force  Problem 

A raw  study  was  selected  to  demonstrate  the  model  artd  to  help  defermirtc  how 
much  recirculation  is  reasonable  for  a specific  Air  Force  painting  facility  at  Hill  AFB.  UT. 
The  Air  Force  has  sevenil  large-scale  depot  htcililieslhat  overhaul  aircnUI  and  aircrail 
support  systems  at  regularly  scheduled  intervals.  Military  oirciaA  require  re-painting  at 
time  intervals  dependent  on  the  aircrail  type.  Often  the  frequency  of  the  protective 
coating  applications  is  required  for  each  aircraft  due  to  safety  uortcems.  There  is  currently 
rto  good  substitute  for  the  primer  undercoat  with  polyurethane  topcoat  paint  system 
required  of  most  aircraft  although  better  paint  systems  ore  being  researched  (Ayer  and 
Wolbsch.  19881. 

Hill  AFB  is  in  Salt  Lake  City.  UT.  The  C-l  30  painting  facility  (budding  270)  at 
Hdl  AFB  paints  about  50  C-130  cargo  planes  per  year  to  inciude  both  Air  Force  and  Navy 
aircraft.  Io40  CFR  63.745.  which  is  pari  ofthe  ^'Aerospace  Manufacturing  and  Rework" 


NESHAPs  (U.S.  EPA.  1995).  h slipulales  that  i 


recapture  81Horihevo!alile  organic  compounds  (VOCs)  emitted  by  ibe  racilily  <95%  tbr 
new  (beililies).  VOCs  have  been  bLuned  for  producini;  phoiodicmical  snog  and  the 
cfealkm  of  tropospheric  ozone,  which  can  esncerhale  uf^r  rc^jiratory  ailmenls  and  make 
brealhing  difficuh  for  o.shmaiics<Whillield.  1995).  Bused  on  cskrulnlions  of  the  products 
used,  the  C-130  paint  facility  consumes  about  34,000  lbs.  of  VOCs  per  year  and  currently 
the  exhaust  is  simply  filtered  and  released  to  the  environment.  The  VOCs  are  largely 
found  os  a solvent  In  the  approved  paints  and  cleaners  lhat  ore  used  to  paint  the  aircraft. 

The  gcnemliy  accepted  air  control  system  for  VOCs  is  some  Ibim  of  thermal 
dcstniction.  Ihe  paini  booth  Ls  100  x 100  x 30  feet  and  OSHA  requires  a velocity  of  100 
fcet/min  in  paint  facilities,  which  creates  355.000  flVmin  ofairflow  (Ayer  and  Hyde.  1990; 
Paisons,  1995).  Wnhout  recirculatioa  the  cost  of  VOC  ccmoval  using  theimaJ 

$200,000  annuaJly  even  with  the  most  efficient  thennal  destruction  system  (sec  Chapter  6 
vendor  quotes).  Compliaiice  of  the  "Aerospace  Manufaclurit®  and  Rework"  NESHAP 

rule  is  required  by  Sept  1. 1998  (Hughes  ct  nl.,  1994). 

Goals  and  Objectives 

The  four  mnjor  oijectives  in  this  research  are  as  follows; 

1.  Develop  computer  model  to  help  decision-makers  decide  whol  level  of 
recircuhtled  air  is  cost-eifective  and  safe. 

2.  Evaluate  HiUAFBpaiming  operations  to  help  decide  how  to  safely  comply 
with  new  "Aerospace  Manulacturing  and  Rework"  NESHAP  Laws. 


3.  Provide  sir  sampling  screening  lool  and  product  subslilulion  evaluation  tool  fee 
indusUtaJ  hygiene  personnel. 

4.  Merge  knowledge  from  the  following  variety  ofdisciplines  into  one  computer 
model  to  include  elements  of  risk  assessment,  nir  control,  toxicology,  late  and 
traiwpon,  cbenasuy.  probability  theory,  EPA/OSHA  regulations,  industrial 
hygiene  principles,  environmental  engineering  principles,  venliblion  systems, 
economic  principles,  painting  opemlions  artd  computer  programming. 


CHAPTER  2 
LlTERATimE  REVIEW 

Imroduclkin 

TIiB  chapter  will  begin  with  a brief  discuaslon  of  cosl/beneSi  analysis  in 
govemmenlal  regulatioint.  which  gives  a better  understanding  of  the  influences  behind  this 
study.  Thca  the  issues  sunounding  how  tu  handle  industrial  air  emissions  from  a fbeilily 
will  be  discussed.  The  need  for  a computer  model  to  help  decide  how  to  handle  indu.sirial 
air  safely  and  cosl-eOeciively  will  then  he  explored. 

This  study  is  inspired  by  the  recent  emphii.si.s  on  cost/beneHt  ri^  assessment  in 
govcmmemolregulaiionsand  by  observing  competing  objectives  among  federal  agencies 
such  as  OSHA  and  EPA.  BolhOSHA  and  EPA  ore  charteied  to  minimize  dilTerenl 
aspects  of  human  health  risk.  OSHA  protects  workers  from  pollutants  in  the  workplace 
and  the  EPA  proiects  the  general  public  from  pollutants  oflm  emHled  from  the  workplace. 
In  complying  with  OSHA  reguhttions.  there  is  a tendency  to  get  pollutants  out  nfthe 
workplace.  In  complying  with  EPA  regulalions.  there  is  a tendency  to  contain  pollutants 
indoors  to  reduce  emissions  from  the  workplace.  These  objectives  can  conilici  and  a 
speeiDc  example  involving  Ihe  EPA’s  CAAA  and  OSHA's  Occupalionnl  Exposure 
Standards  will  be  explored  in  this  study. 


10 


CostiSgnefil  Ri»k  Assrgn 


The  concept  of  cost-benefit  analysis  (CB)  and  risk  asseasmcni  (RA)  is  used  in 
many  industries  as  a way  ofoplimiDni!  expenditures  on  a finite  amount  of  money  in  order 
to  do  the  most  good.  CB/RA  Is  e technique  to  compare  and  optimize  alternatives  by 
cnlculaiing  the  cost  and  the  potential  benefit  oreachahemative.  If  spending  SI  million  on 
disease  A will  save  lO.IXX)  lives  pet  year  and  spending  thcSI  million  on  diseaxc  B saves 
100  lives  per  year,  putting  more  money  towards  disease  A gets  the  greatest  long  for  the 

ofbcneGls  or  costa,  different  probabilities  of  success  and  uncertainties  etc.  However,  this 
concept  can  be  applied  to  some  degree  to  obtain  the  greatest  public  benefit  with  a fixed 

Congress  has  recently  become  more  aware  of  the  virtues  of  CB/RA  to  measure 
the  impoel  of  federal  rcgulaiioiis.  CB/RA  has  received  a great  deal  of  discussion  in  recent 
legislative  bisioiy.  Debates  over  the  past  few  years  have  focused  heavily  on  using  CB/RA 
in  environmental  regulations.  In  1904,  at  least  adozennew  amendments  were  introduced 
to  mandating  the  use  of  CB/RA  (Davies;  5).  However,  many  of  these  amendments  were 
marginally  voted  down  in  the  House  of  Representatives  due  to  disagreement  over 
approach  and  pressures  fiom  environmental  groups  who  feared  that  the  new  legislation 
would  dismantle  environmental  effons.  A few  highlights  are  as  follows: 

• 1987-kndmark  rennn  Hiifiiiished  Business  written  nl  EPA's  request  - recommended 
the  use  of  risk  assesaneol  in  go  ventment  regulations  (Clarke.  199S:  67|. 

• 1990-  Scientific  Advisoiy  Board  (SAB)  prepares  report  Reducing  Risk:  Setlina 
Prioriiies  and  Siraieaics  for  Rnvironmemil  Proieciion  urged  setting  priorities  using 
risk  reduction  (Clarke.  1995:  67). 
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. Sprii«,  1 993  - Qnrndmcnl  lo  require  CB/RA  inlo  all  environmemal  regulalions 
(defeUedXU-S.House.  1993), 

• Oclober  4. 1993  - Present  Clinlon's  Executive  Order  12866  - iiuroduce  CB/RA  inlo 
nil  govcnunenl  agencies  (Davies.  199S:  S). 

• May  1994  - Safe  Drinking  Water  Acl  required  EPA  lo  perform  a CB/RA  for  proposed 
drinking  water  regulalions  cosiiog  over  SlOO  million,  (defeated)  (U.S.  House.  1995). 

. October  7.  1994-  The  Risk  Avscssmenl  Improvement  Act  of  1994  (defeated)  (U-S. 

House.  1994). 

• Jan  I,  l995-“Conlract  With  America"  required  regulatory  reform  to  includcCB/RA 

(U-S.  House.  1995), 

• Jan  1995 -Public  opinion  polls  show  over  80%  oflhe  Americans  desires  some  form  of 

CB/RA  (U.S.  House.  1995),  and 

• Feb  2.1995  - The  Depanmenl  ofEnor©  (DOE)  RiA  Management  Act  required  the 
EPA  to  perform  a CB/RA  for  all  proposed  DOE  clean-up  tasks  (defeated)  (U-S. 

House.  1995). 

CB/RA  has  received  increased  allcnlion  due  in  part  to  the  general  criticism  that 
funds  and  eOurl  are  not  dUlribuicd  in  proportion  to  the  magnitude  and  severity  of  the  ri^ 
involved.  CB/RA  is  seen  as  a way  of  using  science  and  economics  to  better  distribute 
limited  huiding  sources  to  obtain  the  greatest  overall  bcneEt  (Panel.  1995:  54).  Currently, 
priorities  vary  widely  between  spending  large  amounts  on  problems  with  IKile  benefit  lo 
spendinglittleonproblems  with  potentially  large  benefits.  It  b estimated  that  the  annual 
cost  ofrisk  regulalions  b 5600  billion  and  the  costs  are  rising  at  double-digh  rales 
(Graham.  1995:  62).  Several  reports  suggest  lhal  a lot  of  money  b being  spem  os  a result 
of  specific  environmental  regulations,  with  negligible  benefils.  especially  when  compared 
10  other  public  health  regulaiiona.  One  study  done  at  Harvard  University  suggests  an 
additional  60.000  U.S.  citizens  would  be  saved  each  year  if  resources  are  allocalcd  more 
evenly  across  rbk  reduction  programs  (Clarke,  1995:  65). 

One  sludy  computes  ibe  dollars  spent  per  slaibllcal  life-year  saved  for  500 
dillcreni  govemmem  inlervemlons.  The  median  govemmcnl  imervenlion  cost  b 


2,000/iife-year  saved.  By  comparison.  i 
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SI9,000/Ufc-)«ir  saved  and  ihcovCTSge  loxic  conlro!  intervention  is  S2. 8 million'lifc-jear 
saved  ($4.2  ntlUion  for  EPA  toxic  control  and  SI  .4  nullion  for  OSHA  toxic  control) 
(Tenitselal..  1995).  The  range  in  the  amount  of  money  spent  per  life-year  saved  varies 
tremendously  over  11  orders  of  magnitude  within  neariy  every  federal  agency.  The  cost 
per  life-year  saved  raUBCd  from  an  intervention  paring  for  ilselffzero  cost)  as  in  driver 
school  programs  to  on  interventioo  costing  $99  billionlife-year  saved  os  in  the  chloroform 
private  well  emission  standard  at  48  paper  mills.  The  actual  dollar  amount  may  not 
necessarily  be  as  high  as  $99  billion  but  the  benefit  of  life-year  saved  (the  denominator) 
may  be  very  small  (Tengs  et  al..  1995:  369).  Anolher  study  anolyaed  data  from  asbestos 
product  bans.  NESHAP  rules  and  pesticide  bans.  This  study  derives  a cost  of$45  million 
per  statistical  life  from  the  cost  of  the  pesticide  and  asbestos  bans  (Van  Hnutvenand 
Cooper.  1994: 18). 

One  explanation  for  the  wide  range  in  dollars  spent  per  bcnelii  gained  is  the 
avoidance  of  Congress  to  legislale  how  ridt  assessment  is  performed  or  even  to  estabUdi 

reasonable  risk"  or  "as  tow  as  retuortably  achicvaUc"  but  these  are  left  up  to  broad 
interpretarion  and  open  to  liligatiun  in  the  courts  (Clarke,  1995:  67).  In  feet  most  major 
pieces  of  environmental  legislalion  ignore  C8/RA  all  together.  Only  two  environmental 
statutes  the  FedemI  Insecticide,  Fungicide  and  Rodenlicide  Act  (FlFIkA)and  the  Toxic 
Substances  Control  Act  (TSCA)  actually  require  that  the  cost  and  benefits  ofregulatioiis 
be  hiljinrivi  in  setting  standards  (VonHoutven,  1994:  1).  lire  1990  CAAA  speciftctklly 
requires  ihsi  the  Maximum  Achievable  Conlrcl  Technology  (MACT)  be  used  as  a 
sttmdord.  which  is  not  directly  related  to  the  actual  risk  posed  by  an  industry  (Hughes  et 


hL,  1994;Dsvies.l»S).  The  MACT  is  based  onan  induslries  currenl  pollulion  control 
lechrKilogics  rtilher  ihan  poUorion  control  based  on  risk.  The  MACT  will  be  described  in 
more  detail  below. 

Problems  with  Cost/BencEt  Risk  Assessment 

The  concept  behind  CB/RA  is  to  compute  the  costs  and  the  benefits  of 

desirable  options.  In  the  esse  of  recirculating  industrial  air.  one  could  compute  the  costs 
and  the  benefits  at  each  level  of  recirculation  to  see  which  level  of  recireulotkm  has  the 
lowest  cost/benefit  ratio.  With  all  things  being  equai  as  recirculation  increases,  there  is  a 
benefit  to  the  local  environment  and  people  surrounding  the  industrial  site.  However,  as 

With  respect  to  the  cost  side  of  recirculation,  there  is  a net  savings  as  reciitulaiion 
is  increased  because  there  is  less  air  to  treat  which  drives  down  cost.  One  could 
theoretically  develop  an  algorithm  that  would  compute  the  cost/benefit  ratio  of  this 
problem  to  see  what  level  of  recirculalion  is  cost  effective.  However,  this  approach  is 
flawed  because  by  increasing  recirculation  there  is  a small  bcnelil  to  local  pcopk  (large 
populalion  size)  offect  by  a larger  loss  of  benefit  to  workers  (small  population  size).  The 
analyss  mny  become  skewed  to  placing  more  burden  of  risk  onto  workers  because  there 
arc  fewer  people  impacted.  The  problem  is  not  as  simple  as  “the  good  of  the  many 
outweigh  the  good  of  the  few"  because  of  the  potentially  disproportionate  risk  that  would 
be  placed  on  workers,  litis  could  mathematically  translate  iiuo  recirculale  IDO^oftheair 


IS 

10  drive  coas  down  for  Ihe  benefit  of  the  larger  local  population  while  burdening  the 
workers  with  all  Ihe  risk  because  there  ore  fewer  lives  at  slake. 

There  are  olher  difficulties  in  using  CB/RA  when  considering  a decision  on 
recirculating  induslrial  air.  One  of  the  benefits  of  the  CAAA  is  coniiolling  VOCs.  VOCs 
arc  blamed  for  crealing  tropo^ric  ozone  which  ingjacu  people  with  breolhing  disorders 
(Whitfield.  I99S).  This  benefit  has  more  lo  do  with  quality  oflite  thana  quantifiable 
benefit  Kkc  life-saved.  While  there  is  a death  rale  associated  with  Iropo^heric  ozone,  a 
primary  benefit  is  reduced  re^irotory  disorders  or  increased  visibility.  These  types  of 
benefits  do  not  lend  themselves  well  lo  a quantifiable  CB/RA.  Although  it  should  be 

of  other  HAPs  that  ore  emitted  fiom  an  indusuy.  The  hope  is  that  by  conlmlliiig  the 
broad  category  of  VOCs.  individual  HAP  emissions  will  also  be  controlled. 

Another  difficulty  in  performing  cosl/benefit  risk  assessment  on  recircuiaiirg 
industrial  air  is  OSHA  exposure  limits  set  for  workplace  solely  are  only  a ~do  not  exceed" 
level  and  they  do  nol  lend  themselves  lo  a scaled  benefit.  OSHA  permissible  exposure 
limils  are  set  so  that  a worker  can  be  exposed  fot  a 40-hour  workweek  without  deleterious 
heahh  effects.  In  other  words,  reducing  a workers  exposoire  ftum  100  n«/m'  to  50  mg/m* 
does  not  moke  Ihe  benefit  lo  Ihe  worker  twice  as  good  according  to  OSHA  ;^lkisophy. 
Unlike  EPA  cancer  slopes,  which  arc  assumed  to  have  a dose-response  reialionship. 


! CB/RA. 


Angihcr  complication  to  comparing  risk  beiwwcn  workers  protected  by  the  OSHA 
and  local  populations  protected  by  the  EPA  is  there  is  a dUfererree  in  what  is  considered  a 
safe  level  of  exposure.  EPA  "safe  tcvels"  generally  tend  to  be  more  stringent  than  OSHA's 
exposure  linms.  In  feet,  a study  sponsored  by  the  EPA  determines  the  "safe" 
concentmtionora  large  variety  of  chemicals  based  on  the  standard  EPA  Risk  Assessment 
Cukletines(RAGs).  In  this  study,  safe  is  defined  as  the  concentration  that  would  mailt  in 
a one  in  a million  excess  life-time  cancer  risk  or  a hasard  index  of  one.  These  benchmarks 
am  generally  considered  to  be  safe.  EPA  default  parameters  and  calcubtions  were  used  to 
deteimine  the  safe  air  concentrations  (Snnih.  1996).  Table  2-1  illustrates  a random 
sekeilon  of  chemicals  with  the  computed  EPA  safe  concemrotioiis  compared  against  the 
OSHA  and  the  ACCIH  OELs.  All  units  are  in  ug/m’  and  "C  indicates  a ceiling  Ermt.  AD 
the  rest  of  ihc  OSHA  limils  are  time  weighted  averages  (TWA).  The  last  column  is  a lalto 
of  the  OSHA  limit  versus  the  EPA  limit. 


TaWc2-l  OSHA  versus  EPA  Limits 


ACXilH 

OSHA 

OSHAVA 

0.5 

C 100 

0.00015 

666.666 

34 

34 

0.01 

3400 

Mctbvl  isobuivl  ketone 

205.000 

410.000 

84 

4881 

590.000 

.590.000 

lOQO 

590 

Toluene 

188.000 

750.000 

420 

1786 

There  are  Icghbmle  reasons  for  difiirrences  between  OSHA  and  EPA  safe  levels. 
Workers  am  typically  heahhy  adults,  whereas  the  demographics  of  the  local  populalion 


c-dcRcHem  people.  Therefore,  the  I 


populalion  iraj  ncoi  addhional  proteclion  due  lo  a more  vulnerable  sub-populaliorL  Also. 
EPA  assumcsalifeiimeorconslanteicposiire  (630.000  hours  in  a 75  year  life  lime)  where 
OSHA  only  consders  a woriiii^  lifelimc  of  40  hours  per  week  (80.000  work  hours  in  a 40 
year  working  lifbtimel.  However.  Uie  limiis  that  are  considered  safe  often  vary  by  4 orders 
ofnmgnitude  which  is  nol  fully  accounted  for  by  these  differences. 

Because  of  the  problems  cicpiained  above,  the  approach  taken  in  Ihis  study  will  be 
to  comply  with  the  CAAA  in  a cost-effective  manner  without  po^g  undue  risk  to 
workers  in  the  workplace.  Instead  of  using  the  approach  (hat  places  local  populalion  risk 
into  conflici  with  workers’  risk,  the  approach  will  be  lo  assume  that  compliance  with  the 
CAAA  inches  a salisfiictory  level  of  safety  for  the  environment  and  the  people  in  the  local 
area.  It  is  also  assumed  lhal  compliance  with  OSHA  worker  safely  regulations  implies  a 
salislaeioiy  level  of  safety  for  the  workers.  This  approach  wiU  deleimine  the  level  at 
which  industrial  air  can  be  recirculated  to  con^ty  with  both  the  EPA  and  OSHA 
regulations  while  keeping  air  control  costs  as  low  as  posaUe. 

Economic  Section 

TheiirconlrolcosUarucomputedusingEPAsCOSTAlRmodel.  COSTAIR 

eight  different  control  technologies  (Valavuk.  1989).  From  these  eight  control 
technologies,  three  of  the  nutc  common  thermal  control  technologies  have  been  selected 
for  the  economic  section  of  this  model.  Thermal  ireatinent  is  selected  because  it  is 
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generally  used  for  organic  compounds,  which  are  often  involved  in  sir  polhnion  control 
(Yewdienko.  l»%;Vcnliaieshetol-  1997).  The  three  control  lechnologics  are  listed 
below: 

1 . Regenerative  ThemMl  Oxidizer  (RTO)  with  Carbon  Adsorption  Concentrator. 

2.  RTO  Only,  und 

3.  Thmnal  Incineration. 

Each  of  these  technologies  relies  on  thermal  destrociion.  The  main  difference 
between  thermnl  incineration  and  an  RTO  is  in  the  use  of  a heal  exchai«cr.  The  RTO 
recycles  mure  of  the  heal  so  that  less  fuel  is  needed.  The  capital  costs  for  an  RTO  are 
higher  but  the  operating  costs  are  loss  because  the  RTO  uses  less  fuel  Generally,  for  a 
large  airflow,  the  most  cost  eflective  control  is  the  RTO  combined  with  a carbon 
adsonxion  concentrator.  When  RTO  is  combined  with  carbon  adsorption,  even  less  fuel  is 

expense  RTO  is  needed  with  a carbon  adsorber  but  additional  capita]  expenses  will  be 
required  for  the  carbon  adsorber.  Selecting  an  air  control  device  becomes  a choice  of 
paying  more  up  front  for  less  costly  annual  expenses  in  the  ftiture  (Brooks,  1994).  Tlie 
model  assumes  a 10-year  lifecycle  for  each  system  and  over  flat  rime  the  RTO  with 
carbon  adsorption  is  the  besl  choice  at  high  air  Dow  tales.  However.  al  lower  flow  rales 
there  rray  be  times  when  the  other  systems  will  be  less  expensive  and  hence  they  are  also 

The  annual  cost  for  each  technology  will  be  plotted  against  various  levels  of 
reciiculaiiuii.  Even  though  oil  three  lechnologics  arc  considered,  the  technology  with  Ihe 
lowest  lile  cycle  cost  would  logically  be  the  one  that  is  implemented.  A full  explanation  of 
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all  ibe  assumplioiis  and  theories  in  the  COST  AIR  models  will  not  be  discussed  in  this 
document  as  they  are  already  detailed  in  the  EPA  COST-AIR  Control  Cost  Manual 
(Vatavuk.  1989).  However,  some  oflhe  assumpiions  and  Iheories  will  be  discussed  in 
chapter  3. 

WnrtiTe'  Bid. 

The  risk  to  workers  in  ihe  workplace  wQl  be  based  on  the  indoor  concenliations  of 
each  chemical  relative  to  the  occupational  exposure  limits  (OELs)  set  by  OSHA.  ACGIH 
or  tath.  There  are  published  OELs  for  each  hazardous  chemical  lhat  OSHA  regulates. 

One  type  of  OEL  is  the  pemiissiblc  exposure  limil  (PEL),  which  requires  that  Ihe  daily 
exposure  to  o chemicai  shall  not  exceed  Ihe  PEL  on  an  8-hour  time  weighled  avernge 
(TWA)  basis.  Anolher  lype  of  OEL  is  Ihe  ceiling  limil,  which  is  designed  as  an  upper  limh 
ofexpostirelMicannol  be  exceeded  at  arc  lime  during  the  doy.  The  short  term  exposure 
limil  (STEL)  is  anolher  lype  ofOEU  which  allows  exposure  up  to  Ibe  STEL 
concentration  Ibr  IS  minutes  not  to  exceed  four  limes  a day.  Because  STELs  are  so 
simikr  to  ceiling  IlmiU.  STELs  ore  treated  like  ceiling  limns  in  Ihe  model.  Ifa  chemical 
Ins  a STEL  instead  of  a ceiling  limil,  the  maximum  predicted  indoor  concenlralioii  vdll  be 
compared  to  the  STEL  even  if  the  exposure  is  less  lhan  four  limes  a day  for  less  than  15 
minutes  each. 

There  are  other  organimiions  that  also  publish  OELs  such  as  the  ACGIH. 

ACGIH  publishes  Threshold  Limit  Value-Time  Weighled  Averages  (TLV-TWAs)  which 
are  the  equivalent  oflhe  OSHA  PELs.  They  also  pubtUh  TLV-STELs  and  TLV-Ceilii«s, 
whicharealsoequivalenl  to  OSHA's  STELs  and  ceilings.  While  OSHA  is  Ihe  only  legally 
enforeeable  entity.  Ihe  values  from  ACGIH  and  other  organizations  are  sometimes  used  os 
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a coiiierviiiive  siqjroach  in  Ihe  field  of  bdiistiial  hygiene  when  evaluating  worker  safety. 
In  &C1,  according  to  Air  Force  Occupational  Safety  and  Health  Slundard  48-8  paragraph 
4.2  ( AFOSH  48-8. 1 994).  ..the  OEL  using  the  most  stringent  limits  from  these  three 
references;  OSHA  PEU,  ACOIH  TLVs.  and  other  AFOSH  Standards...  shall  he  used  to 
evaiuelc  workplace  chemical  exposures.''  AFOSH  can  establish  additional  safety 
standards  for  the  Air  Force  as  long  as  they  are  at  least  as  stringent  as  OSHA. 


The  coratepi  of  recirculating  indoor  air  has  bng  been  seen  as  a cost  saving  method 
mainly  to  conserve  the  heating  or  cooling  costs  of  a building.  Most  structures  have  sorrte 

controlled.  A great  deal  of  attention  has  been  paid  to  determining  what  level  of 
recircuialed  air  versus  fresh  air  is  appropriate.  From  a cosi  saving  pouil  of  view,  one 
would  wrant  to  reclrculsie  I OfAi  of  the  indoor  air.  which  some  building  managers  may  be 
tempted  to  do.  However,  health  and  comfort  problems  such  as  elevated  levels  of 
pathogens,  chemicals  or  carbon  dioxide  can  cause  drowsiness,  discomfort  or  ilincsses  to 
Ihe  occupants.  If  chemicals  ore  used  in  the  &cilhy  and  concentrations  of  poUulanls  build- 
up due  to  poor  ventilation,  the  indoor  air  quality  can  reach  dangerous  levels.  Sick  buildii% 
syndrome  or  light  building  syndrome  are  lernis  coined  for  buildings  that  sulTer  from  poor 
ventilalion  resuhing  m poor  indoor  air  qualiry.  Often  the  solution  for  these  problems  is  to 
Mtnpiy  increase  fresh  air  or  treat  Ihe  recircubled  air  to  reduce  poDulatus.  Other  industrial 
facilities  may  require  more  fre^  air  depending  on  the  type  of  activities  performed  in  the 
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building.  Hospilals,  for  exan5>le,  require  various  levels  of  fresh  air  depending  on  the  use 
oftbenxjRi  An  operating  room  requires  at  least  15  air  changes  per  hour  (ACH)  to 
maintain  sterilfty  and  reduce  concentrations  of  infectious  diseases  versus  a waiting  area 
which  only  requires  4 ACH. 

OSHA  regulates  industry  with  a heavy  reliance  on  ventilation  to  keep  harmful 
concentrations  of  chemicols  and  pathogens  below  levels  that  will  effect  humans.  Up  until 
1985,  OSHA  had  specifically  banned  the  use  of  recirculation  in  spraying  operations  in 
accordance  to  29CFR  1910.107  paragraph  (dK9).  (OSHA,  1997a).  Tins  regulation  was 
adopted  from  the  Notional  Fire  Protection  Association  Code  33  (NFPA-33)  for  fire 
protection.  NFPA-33  was  written  in  1909  and  is  thlcd  ‘Standard  for  Spray  Finishing 
Using  Flammable  and  Combustible  Material."  The  NFPA-33  code  updated  in  1 985  allows 
recirculation  under  certain  conditions  but  OSHA  has  not  yet  updated  29  CFR  1910.107 
(OSHA,  1997a).  Under  OSHA's  policy  for  "de  mirumus  violations."  OSHA  allows  a 
company  to  comply  with  the  oust  current  standards  and  therefore  has  allowed  compliance 
whh  the  NFPA-33, 1985.  Several  imerpretation  letters  have  been  written  by  OSHA 
indicating  this  policy  change  (Hughes  el  ol.,  1994;  Clark.  1991).  The  NFPA-33.  1985 
basically  allows  for  the  use  of  recirculation  as  long  as  all  hazardous  chemical  esposures 
are  held  bebw  OSHA  OELs  and  the  indoor  air  eoncentraliona  are  held  below  2596  of  the 
lower  explosive  iimit  (LEL),  There  are  other  requirements  such  as  the  use  of  continuous 
monitoring  devices  but  these  are  the  main  features  found  in  NFPA-33.  1 985  paragraph  5- 
6.1.  There  is  also  a new  standard  from  the  American  National  Standards  Insihule  (ANSI) 
for  Industrial  Process  Exhaust  Systems,  which  addresses  the  proper  use  of  recirculation  in 
industry.  Thediufl  ANSI  standard  stales  "ail  passible  comNnalions  of  base  materials  and 
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the  materials  that  can  be  created  during  Ihe  process  shall  be  researched  and  documented 
berore  reciroiklioD  is  considered- <ANSI.  1997). 

The  Deere  Conqiany  in  Davei^rt.  lovea.  insiaUed  and  patented  a point  booth 
recircublion  system  as  far  back  as  1981  mainly  due  to  Ihe  energy  crisis  in  the  late  70s. 

The  system  recycled  90%  of  the  air  but  the  environment  was  not  con^eted  safe  for 
worketa  without  respiratoia  so  air  pressurized  hoods  were  given  to  nil  workers 

and  automntic  dampers  were  installed  to  allow  the  system  to  rclum  to  lOOH  fiesh  air  if 
conceniiatioiis  buill  up  to  25%  of  the  LEL  fNorton  el  aL.  1984).  One  of  the  first 
Deportment  of  Oelense  recirculation  systems  studied  was  for  a paint  booth  installed  at  the 
Marine  Corp  Logistics  Bose  (MCLB)  in  Barstow.  CA.  The  system  uses  HEPA  fDters  and 
UV  oxidation  to  destroy  VOCs  and  is  still  in  operation  today  (Wall.  1995:  150). 

A study  spoiuured  by  the  Environics  Lab.  Tyndall  AFB.  FL,  was  performed  in 
1992  at  Travis  AFB.  CA,  where  an  existing  paint  booth  was  modified  to  reeirculate  50% 
of  the  exhaust  air.  Air  sampling  in  the  paint  booth  suggests  that  recirculation  could  be 
implemented  withoul  exceeding  OSHA  established  safe  levels  for  workers  (Hughes  el  oL. 
1994).  However,  the  qtianliiy  of  palm  used  in  Ihis  Study  was  small  and  does  not  reOeci 
Ihe  quantity,  product  type  or  applicaiiun  rates  of  another  facility. 

Another  recirculalion  system  is  installed  at  Hill  AFB  building  515  to  sludyaspbi' 
flow  recirculalion  design  and  the  eSectiveiiess  ofVOC  deslruction  systems  (Ayer  and 
Hyde.  1990).  A ^lil-flow design inkesadvamagc ofrecircuklinglhe upperportionofair. 
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which  generally  has  tower  air  conceiutaltons.  A recirculaoon  rate  of  50%  was  established 
at  the  Hill  AFB  huilding  515  patocing  facility.  However,  a soft  recireulaiton  level  is 
dependent  on  the  type  of  pioducts  used  and  how  they  are  used  among  many  other 
variahles  and  each  faeiihy  should  be  investigated  on  a case  by  case  basis. 

Imoacl  ofCAAA  on  Air  Force 

As  mentioned  before,  the  1 990  CAAA  gave  birth  to  a new  set  of  ERA  regulations 
collectively  krtown  as  the  Hntional  Emission  Standards  for  Hazardous  Air  Pollutants 
(NESHAPs).  The  CAAA  required  the  EPA  to  regulate  nil  industries  that  output  over  10 
lons'ycar  of  any  chemical  (or  a total  of  25  tons/year  colicclively)  from  a list  of  189 
clwmicals  hartded  down  by  Congress  krtown  as  the  “189  HAP  List."  The  EPA  has  until 
2000  to  regulale  each  industry  thal  ernhs  this  level  of  pollutants.  (Elsevier,  1995:214) 

The  NESHAP  that  will  have  a large  impact  on  the  Air  Force  is  called  the 
“Aerospace  Manufecluring  and  Rework“  NESHAPs  (U.S.  EPA,  1995).  The  final  rule  for 
the  “Aerospace  Manufacturing  and  Rework”  NESHAP  was  publiriied  September  1,  1995, 
and  industries  aflected  have  three  years  to  comply  (Sept  1.  1998).  This  regulation  will 
eflect  2.800  major  milttaty  and  commercial  aerospace  focilities  (Elsevier.  1995: 214). 

The  section  that  will  be  specifically  addressed  in  this  research  is  the  Standards  for 
Primer  and  Topcoat  Application  Operations  (40  CFR  63.745(b)).  This  section  of  the 
regulation  stipulates  that  existing  oircrafi  painting  lacibties  mast  recapture  81%  ofthe 
VOCs  emitted  by  exiging  focililies(9S%  for  new  lucilities).  VOCs  are  used  as  a surrogate 
for  other  poilutarus  created  fiem  aircraft  painting  operations.  It  would  be  difficult  to 
regulate  the  indu.stry  on  a chemical  by  chemical  basis,  so  the  EPA  uses  VOC  recapture  and 
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high  efficiency  filtralion  as  a wny  Id  coiurol  the  emissions.  The  assumption  is  by 
coniioiling  VOCs  Id  a qjecified  level  and  by  u.sing  etfickml  filtration,  other  HAP  emisMiis 
wiUalso  be  controlled. 

The  airflow  through  airctall  paint  facilities  is  quite  large.  Airflow  is  a muin 
dcierminanl  in  air  control  costs  for  VOCs  because  VOCs  are  gererally  destroyed  by 
burning  the  exhaust  air.  To  heal  large  volumes  of  air  with  dilute  pollutants  to  a sufficiciii 
leinpcroiure  to  destroy  VOCs  requires  costly  fuel  and  capital  expenses. 

Need  for  Computer  Model 

Ttee  are  other  computer  models  that  are  related  to  the  model  developed  in  this 
research  but  none  that  performs  an  analysis  of  recircubiion.  One  related  model  is  EPA's 
HAP-PRO.  which  is  inlended  for  permii  engineers  in  controlling  sir  toxics.  HAP-PRO 
does  some  economic  analysis  and  outdoor  air  emission  calculations  (Sieigerwald.  1996). 
However  HAP-PRO  does  nol  address  indoor  air  concentraliona,  OELs  or  lecirculalkm. 

The  question  that  needs  to  be  answered  is.  "what  level  of  recirculation  is  safo  to 
workers?'  This  con  only  be  evaluated  on  a case  by  case  basis  due  to  diflerences  in 
processes,  chemicals  used,  application  rales,  building  size,  airflow  elc.  it  Ls  ollen  difficult 
to  envision  the  impact  that  recirculation  will  have  on  a focilhy  because  a thorough 
evaluation  of  all  chemical  processes  is  needed  at  various  levels  of  recirculaiion.  Due  to 
llv  »gnificanl  uapital  costs  with  impbmcnling  an  air  control  system,  it  is  imperative  that 
an  evaluation  be  done  beforelumd  lo  help  deicrmine  the  praciical  limiis  of  a recirculation 


jIIow.  The  computer  model 
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developed  in  this  gudy  can  accummodale  any  building  sine  and  rc(|uir«s  inToimalion  on 
ihetypcsofprocessesandprodLclsused  inthc  facility.  The  model  will  then  predict 
indoor  air  ooncentialions  relative  lo  OSHA  and  ACGIH  OELa  at  varwics  levels  of 
recircukiion.  The  model  will  also  predict  explosive/Rre  hazards  and  it  will  predict  air 
control  cogs  for  VOC  deslniction. 

implemented  safety,  nor  is  H intended  lo  be  a complete  cvalunlion  concerning  the  use  of 
recirculation.  Rather  it  is  intended  as  a tool  to  help  in  the  cnrly  decision  making  process  lo 
gain  ao  understanding  oflheissoesand  get  an  overall  perspective  on  what  level  of 
rccirculalioD  is  practicaL  The  model  is  also  intended  lo  help  direct  air  sampling  by 
idenlilying  chemicals  with  high-predicted  concentrations.  A more  focused  air  sampling 
program  cao  then  be  designed  around  the  models  outputs.  It  is  ahen  difHciilt  to  envision 
whkh  10^  and  which  product  have  the  greatest  impact  to  woikers'  heahh.  The  computer 
model  will  not  only  allow  the  user  lo  see  the  impact  of  recirculation  on  chemical 
conccnualions  but  will  also  allow  the  user  lo  see  the  specific  task  and  produci  that  creates 
a high  chemical  concentration.  The  model  will  help  idenlily  products  that  are  good 
candidates  for  subgHution.  Subgilulion  or  other  operational  changes  may  be  all  that  is 


needed  for  EPA  and  OSHA  complia 


CHAPTER  3 

CALCULATIONS  AND  ASSUMPTIONS 


Imroductioii 


arc  derived  and  the  aasumplions  used  in  ibc  model  ore  explained.  The  model  uses  the 


each  chemical.  The  producis  used  udlhin  a ponicukr  lask  may  each  coniain  sevcml 
chemicals.  The  fiaclioo  of  each  chemical  contained  in  a product  is  used  to  determint 
much  ofa  chemical  is  being  cmhled.  If  several  producis  used  within  a la^  have  a 
common  chemical  (Le.  live  dilferenl  paints  coniaimng  toluene),  then  the  common 
chemicals  from  each  paint  are  summed  to  arrive  at  the  concentration  during  that  tasl 
other  words,  the  total  concentration  of  toluene  during  a lask  depends  on  the  panel 
contribution  of  each  product  in  the  task  that  contains  toluene.  The  air  concentrations 
in  the  model  are  derived  in  the  next  several  sections. 


no  good  substitute  for  proper  air  sarr^iing.  a predictive  estimate  can  be  obtained 


Air  Calculations 


t balance  equalioRS.  While  the 


nverting  applicaiio 


resuUs  can  alsu  be  used  as  an  indicalor  to  help  guide  when  and  where  to  air  san^le. 

Figure  3-1  below  isa  conccplual  diagramofa  bypoibelical  building  and  its  airflow. 
TIr;  dashed  line  rqiiesents  the  boundary  layer  that  encases  the  air  volume  of  inleceal.  Ilie 
total  airflow  (Q,  in  iii^fniin)  is  determined  In  the  model  by  itiuhiptyb^  velocity  (Vel  in 
m/min)  times  the  cross  scciionaJ  area  (Area  in  m*):  Qi  = Vel  • Area.  Total  airflow  (QO  is 
then  split  into  two  parts,  the  upper  right  arrow  representing  recirculated  air  (Q,)  and  the 
lower  right  arrow  representing  enhoust  air  going  inlo  a conlrol  device,  which  is  equivalent 
to  the  fresh  airflow  (Qt).  Q,  is  confuted  by  imiliiplying  Q,  by  the  fraction  of  air  that  is 
iccirculaicd  (Rec%);  Q,  • Q,  • Rec?i.  The  arrows  on  the  left  represent  the  incoming  air. 
The  lower  left  arrow  represents  the  incoming  fro^  air  (Qt)  and  the  upper  left  arrow 
represents  the  recirculated  air  (Q,).  The  recirculated  ait  is  multiplied  by  TF  (through 
filler),  to  signiJy  the  fact  that  the  recirculaied  air  will  pass  through  a filler.  The  solid 
chemicals  in  a product  will  be  flilered.  which  will  reduce  the  conceotralion  of  the  solids  in 
the  recirculated  air  proportional  to  the  fifter's  efficiency.  However,  for  liquids  h will  be 
assumed  that  all  liquids  will  pass  through  the  flher  and  re-emer  the  airstream  by 
evaporation.  V represents  the  volume  of  the  facility  (m’l  and  dC/dl  is  the  change  in 
concenuaiion  (C)  per  change  in  time  (I).  S represents  each  chemical's  source  input  rale 
(n^min)  confuted  by  multiplying  the  usage  rale  of  the 
chemical  in  that  product  (see  nest  section  for  source  con 


! product  times  the  fraction  ofe 
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Figure  3-1  Airflow  Diagmm 
Source  liiDul  KMC  iSl  Conveniop 

When  a chemical  in  a produci  is  entered  as  a percent,  there  is  a choice  between 
entering  it  as  a percent  by  weight  (w/w)  or  hy  volume  (v/v).  Id  most  cases,  a typical 
Material  Safety  Data  Sheet  (MSDS)  is  in  percent  by  weight  unless  it  specifles  ^ volume. 
There  is  a slight  difletence  in  the  conversion  to  mg/inin  depending  on  whether  the 
chemical  breakdown  is  entered  by  weight  or  by  vohuno.  Ifbj' weight,  the  product  den^y 
is  used  in  the  conversion  formula  and  if  by  volunie,  ibe  chemical  dertsity  is  used  in  the 
ibrmuln.  The  conversions  ore  detailed  bebw.  When  computing  average  source  veisus 

versus  average  af^licalion  rales  input  by  the  user.  The  maximum  application  talc  cnteied 


S = ^=%bywt  *GPH  Vpr=d  •630-67 


I %b,wl-  Per«nl  of  chemical  by  ;7 
GPU  = Producl  Applicaiion  Rale  (gallonsihr)  - moxiimim  o 
= produciDengty  (gnrni  of  pfoduc(/ml  of  product) 


Perceol  by  volume 


S = ^ = Mbyvoi  -GPH  Vcbcn. 


^ = Chemical  DetajQ’fErani  of  ch( 


iilatioii  = ^ Inputs-  2]  Oulpu 


= S»Qf*(0)  + Q,(C*TF)-Q,-(C) 

Gel  dCVdl  by  substituting:  Q.  = Qi  * (RecW). 

Tben.  divide  by  V. 

« Q,(Rec»iXC*TF)  Q,»C 


Let:  X-Q,(Rec%XTF-l) 

dC  S ^ AC 
dl  V V 


|c(-)=f  « 


Q,»tRec^)-lj| 


flis  is  ihe  steady : 


ilion  C(<I^  which  is  used  i 


concentrations  for  each  chemical  in  a task.  This  maximum  concentiaiior  is  used  when 
comparing  against  the  STELor  ceiling  limits  for  ehher  OSHAor  ACGIH. 

at  any  time  or  C(I).  Starting  with  the  above  derivative  under  the  Mass  Balance  Equation 
section  and  rearranging,  the  formula  becomes 

dC  S ^ 4 C 
iC  _X(S  .^1 


Integrate  y with  respect  to  t (M^ahi  and  Suilivaiu  19S2). 


y = (Ti 


Rcarrangiog  ihcn  subsnuling  fo 


R-c  • f*<:.  ■ 


itiiute  with  the  steady  slate  equation  on  page  30 

C(«>  = ^ 

.C(»)tC=[-C(»)+C„]e'' 


|c(0  = C(..)-tC(«)-Ce]e^ 


It  is  assumed  that  the  use  of  each  product  a al  the  bepiming  of  the  shift  (to>  and  is 
used  throughout  the  length  of  the  product  lime  (Ip),  which  is  input  the  user.  This  is  a 
conservative  assumption  because  the  residual  air  concentration  lingering  after  the  product 
is  finished  being  used  wfl]  be  allowed  the  maximum  lime  for  exposure.  If  in  reality,  a 
product  is  used  for  the  last  hour  of  the  shift,  then  the  worker  would  not  he  exposed  to  the 
lingering  concentrations  Ibllowing  the  use  of  the  product.  In  cases  where  the  airflow  b 
high  or  the  room  volume  b small,  ihe  lingering  concemralioiis  after  the  product  use  b 
negligible.  The  retroindcr  of  the  shift  kngih  (shift  length  = tq).  which  is  abo  input  by  the 
user,  b ussumed  to  have  no  fiiriher  embsions  flom  that  product.  Thb  coreepi  b 
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aiustraled  in  figure  3-2.  The  prodncl  is  being  used  between  time !«  and  tp.  Use  of  the 
product  is  discominuedafler  Ip.  The  end  of  the  work  day  is  represented  by  tj.  Becauseof 
the  lime  lag  elTeel  in  coneemration,  there  is  be  a gradual  increase  in  concentration  to 
steady  state  and  then  a gradual  decrease  in  concentration  alter  use  of  the  product  is 
discontinued  at  time  tp.  The  rate  of  increase  or  decrease  in  concentration  is  dependent  on 
many  variables  to  incliide  room  volun*.  airflow,  quamily  of  product  being  used  etc.  The 


Figure  3-2  Avernc  Coneemration  Over  Time 

oftbe  curve  are  calculaied  separately  with  their  re.spcctive  boundary  conditions  shown  in 
figure  3-2-  This  formula  is  u-sed  for  the  average  of  a function. 


Substitute  the  equation  for  C(I)  found  on  page  32  and  solve  the  integral  (Mizrahi  and 


Sullivan.  1982). 


Umig  chis  equation  a«l  subslituling  the  boundary  conditions  for  each  region  in  figure  3-2, 
the  foUowtng  tvrt>  expressions  are  derived  for  the  nver^  concentration  in  each  region. 
For  the  second  region  (Ip -»tu).  slide  the  curve  back  to  0 to  simplify  so  that  t<,  ■ 0 and  t = 
lu-lp.  To  get  Co  for  the  second  region  use  the  equation  for  C(l)  on  page  32  and  compute 
the  concentration  at  lime  ip. 

Fort„-»tp  Forlp-»tu 


Finally,  to  gel  the  time  weighted  average,  use  these  expressions  to  average  over 


Cp-0,  l = tp.  Io*0 


C,=C(lp),  C(cD)-a  l-te-tp.  I,  = 0 


the  respective  times  os  follows: 


TWA  = - 


J5 


where  C(lp)  = C(«)-C(«)e 


iw 


Multiply  through  by  (tp)  and  (td-lp)  to  otnccl  terms  and  substitute  for  C(tp). 


Divide  through  by  tj- 

TWA  = 

( A’lp 

tp  = lime  product  is  used  (min) 
tu  = shiH  lime  (min) 

V = Yohime  (m’) 

C((D)  = -S/X 

S * source  emission  rate  (mg(rnin) 
h-0,(RscHXTF-l) 

: limc-weigtiled  8verag« 


I chemicals 


I OSHA  PELS  c 


•ACGIHTLVs. 


saturUion  point.  Therefore,  if  a chemical  is  enlered  inlo  Ihe  model  as  a liquid  and  the 
vapor  pressure  concentration  is  exceeded  then  the  model  will  de&uh  to  the  saturation 
point  vAen  comparing  Ihe  maximum  concentration  to  the  ceiling  or  the  STEL.  The  TWA 

emitted  at  a rate  that  exceeds  the  saturation  point,  the  chemical  will  exist  as  a liquid  until 
Ihe  air  clears  enough  to  allow  more  evapcrnlion.  So  the  total  mass  of  a liqiiid  chemical 

ceiling  level  against  the  saturation  point  because  the  rtature  of  the  ceiling  level  is 'hiever  to 
exceed"  at  any  lime.  The  formula  for  vapor  saturation  is  given  below  (Caravanos,  1991). 


VPsat  = Vapor  Saturation  inmg/m' 

VP  - Vapor  Pressure  ofchemical  (ir 
760  mmHg  = atmospheric  pressure 
MW  = molecular  weight  (gtams'molcl 
24.45  Lit/mol  = mole  volume  at  20  deg  C 


Hg) 


Illative  effecl  with 


37 


Ifrccimuloiionisselloohigh,  it  is  possible  to  reach  the  lower  < 
chemical  mixture.  When  multiple  chemicals  ore  emitted,  there  is  a cumu 
regards  to  the  fire/explosive  hazards.  Most  chemicals  have  a Lower  Explosive  Limit 
(LED  around  m (10.000  ppm).  Some  chemicals  are  lower  but  most  are  131  or  higher. 

A rough  estimation  of  the  explosive  hazard  is  provided  in  the  model.  The  model  will  sum 
up  all  the  maximum  chetmeal  conceiuraiions  used  in  a task  and  wiU  allow  the  user  to 
change  the  recireulation  rate  and  see  the  increasing  concentrations  during  each  task.  By 
delauh  nil  chemicals  are  assumed  to  have  a 1%  LEL  (10,000  ppm).  TheNFPA-33.  1985 
code  that  OSHA  has  adopted  requires  that  the  conccntraiioits  shall  not  exceed  25H  of  the 
LEL.  So  as  a tough  estimation.  2534  of  1 0,000  ppm  or  2,500  ppm  must  not  be  exceeded. 
Many  LEL  alarm  systems  will  alert  at  1054  of  LEL  or  1.000  ppm. 

There  is  a buih  in  adjustniom  in  case  the  user  does  not  input  a product's  enltre 
chemical  make-up  (10054).  If  there  is  missing  information  onan  MSDS,  a product  may 
have  less  than  100%  of  its  chemical  make-up  accounted  for.  Where  this  occurs,  a product 
will  be  adjusted  to  account  for  the  mis^g  fiaction  for  the  LEL  calculalions.  This  is  to 
safeguard  against  underestimating  the  fire  hazard  by  leaving  out  a component  of  a product 
that  may  conOtbute  to  the  fire  hazard.  For  example,  s^  only  80%  of  a product’s 
chemicals  are  baded  into  the  model  and  the  sumofthe  maximum  concentrations  is  1,000 
ppm.  Then  1,000  ppml0.80  = 1 ,250  ppm  is  the  output  reported  for  the  LEL  chart.  An 
adjustnunt  like  this  is  only  for  LEL  colculatums. 


Caution  should  be  exercised  when  using  a carbon  odsorplion  concentrator.  There 
ate  studies  that  indicate  carbon  adsorption  systems  can  react  with  ketones  and  organic 
acids  to  cause  hot  spots  in  the  carbon  bed  if  the  carbon  is  not  desorbed  at  proper  intervals 
or  if  kicaJitnl  cuncemratk>ns  build-up  due  to  uneven  airflow  in  the  carbon  bed.  These  hoi 
spots  can  reach  ien^teraturcs  that  can  ignile  the  carbon  bed  (Akubuiro.  1993).  There  have 
been  scallered  reports  of  carbon  bed  Gres.  The  Chemical  Emergency  Preparedness  and 
Prevention  Office  of  the  EPA  has  even  issued  a Chemical  Safely  Alert  on  May  30, 1 997 
concenung  carbon  adsorfcenl  bed  Gres  (Shirley,  1997;  EPA,  1997),  Thealcn  was  issued 
due  10  an  explosion  in  a carbon  adsorber  at  a pulp  and  paper  mill  At  a Rome  and  Haas 
Giciiity,  a bed  Gre  occurred  from  a solvent  recovery  system  due  to  l)ic  rapid  oxidation  of 
the  adsorbed  organics.  The  fecility  swhehed  to  a Padre  adsorption  system  made  by  Purus 
Incorporated,  which  uses  a synihelic  carbonaceous  malcriaL  The  system  is  reported  to 
have  slgniGcanlly  reduced  the  risk  of  bed  Gres  (Shelley,  1994).  This  model  does  not 
evaluate  the  danger  ofbed  Gres  but  the  user  must  be  aware  of  this  problem  and  take 
precautions  if  carbon  sdsorpiion  is  used. 

Economic  Calculai  ions 

As  meraioned  before,  ibc  economic  portion  of  the  model  uses  the  EPA'sCOST 
AIR  model  to  compute  air  control  costs.  Minor  modilKalion.s  were  made  to  (he  COST 
AIR  spreadsheets  to  merge  it  with  the  model  in  this  study.  An  intporiam  inodiGcation 
include  a cost  adjutameni  for  the  Regenerative  ThemtnJ  Oxidizers.  Recem  changes  due  to 
higltei  demand  and  increased  competition  for  RTOs.  have  driven  prices  down.  This  cost 
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adjusunenl  is  from  S22/c6n  of  airflow  lo  SlS/cfinofairflow.  ThedelaiJs  of  this 
modification  are  in  chapter  6 where  cost  quotes  from  vendors  are  eonruired  to  the  cost 
predictions  from  the  model. 

Another  modificotion  lo  the  COST  AiR  model  is  the  combining  of  a carbon 
adsorplioti  concemrator  with  RTO,  which  was  not  a specificaUy  listed  technology  in  the 
COST  AIR  model.  The  RTO  and  the  carbon  adsorption  technologies  ore  separately  listed 
in  the  COST  AIR  model  For  the  model  in  this  study,  the  carbon  adsorption  system  and 
Ua!  RTO  were  added  together  lo  estimate  the  cost.  Most  emhoo  adsorption  systems  will 
concemratetheVOCsinanairalTeaniftomI:IS.  This  is  based  on  conversations  with 
carbon  adsorption  vendors  listed  in  chapter  6.  The  airflow  to  the  carbon  adsorber  is 
assumed  lo  be  the  fraction  of  air  released  to  the  control  system,  which  ts  the  total  flow 
minus  recirculated  flow.  The  airflow  lo  the  RTO  is  assumed  to  be  the  fraction  of  air 
released  lo  the  conirol  system  divided  by  15.  The  reduction  in  airflow  to  the  RTO  is 
because  of  the  carbon  adsorption  concentrator. 

Some  values  required  by  tbe  COST  AIR  model  are  aulomatieaUy  loaded  based  on 
the  input  data  provided  by  the  user.  For  example,  the  BTU  value  of  the  solvents  will 
offiet  some  of  the  fuel  required  by  the  oxidmers.  To  estimate  the  BTU  value  of  the 
airstieam.  a weighted  average  of  each  chemical  that  has  a BTU  value  is  estimated  when 
the  model  is  assembliog  the  outputs.  The  formula  lo  compute  tbe  exhaust  air  beat  content 
in  BTU/lb  is  as  follows: 

T , (BTU/Lb^_.)MAverage|»10-**(ProdHral’(TimesfYr) 
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BTU/Lb«,  = wasle  gas  heal  comeni 
BTU/Ll^to  ' inpul  BTU/lb  for  chemical 
lAvtnge]  • Average  Concenlralion  per  iflsk  (PPM) 
10'*  = convens  ppmlo  fraclionofairstream 
PtodHra*  Length  of  lime  produci  is  used  (hrs) 
nraeifYf  = Nionbcr  of  tima/yai  produci  is  used 
OpeeHra  ° Annual  operating  hours  of  conlrol  device 


Also,  the  loading  rate  ofVOCs  (in  Ihs/hour)  is  automatically  caleulnlcd  with  the 
user  inputs.  Each  producf  s VOC  conlcm  and  average  usage  rate  is  used  to  compute  the 
VOC  output  per  hour,  then  the  product  with  the  highest  output  rate  is  used  in  the  COST 
AIR  model  The  equation  used  to  compute  the  VOC/hr  is  as  follows; 


454grafDs/lh*0.264gal0it 


Another  automatically  loaded  value  in  the  economic  model  is  that  the  Freundlkh 
isotherms.  These  isotherms  asc  needed  hy  the  carbon  adsorption  technology  to  compute 
the  adsorption  rales  of  a chemical.  If  a chemical’s  Chemica]  Ahsiraci  Services  Regtsuy 
Number  (CAS  #)  is  found  in  the  moders  sotherm  lisL  the  chemical  with  the  wcahesi 
adsorption  is  assumed.  This  assumption  makes  sure  the  model  estimates  enough  carbon  is 
used  to  avoid  bed  satuialioo.  Also,  the  heal  recovery  fraction  for  RTO  is  assumed  to  be 
95H  and  the  heat  recovery  fraction  for  thermal  tnctncralion  is  assumed  to  he  70%.  It  is 
also  assumed  that  natural  gas  is  used  for  all  three  thermal  coiiCrola.  There  are  ocher 
assutt^iions  that  were  made  by  the  EPA  to  develop  the  COST  AIR  model  Details  of 


I be  found  in  ibe  EPA  COST-AIR  Control  Cost  Manual  <V«la 


1989). 

The  cost  esiimales  in  this  model  are  based  on  the  eos  ofthe  VOC  control  device 
only.  Other  costs  nece.saaiy  to  inodi^  the  existing  air  handling  system  arc  not  included 
andean  be  subslantiaL  There  will  be  costs  associated  with  installing  new  ductwork,  extra 
blowers,  dairgiers,  monitors  and  des^  work  etc.  A rough  esttmate  Ibr  this  cost  at  Hill 
AFB  is  between  $1  million  and  S2  million.  However,  most  of  these  modlTiealionsare 
necessary  to  install  an  air  control  device  whether  recirculatioo  is  used  or  not.  It  is 
antic  ipaled  that  the  cost  comparisons  ol  diflerent  recircultuion  levels  is  not  subslantially 
impacted  by  this  omisMn.  One  should  keep  in  mind  however  that  the  fixed  costs  lefl  out 
of  this  model  will  inctease  the  costs  computed  in  this  model 

Another  component  of  cost  that  was  not  considered  in  this  model  is  the  cost  to 
heal  or  cool  the  building  for  comfbit.  In  cold  weather  recirculation  will  save  some  money 
in  heating  costs  because  the  air  being  recycled  has  already  been  healed.  However,  becauae 
the  air  control  systems  selected  for  this  model  use  ihermal  destruction  of  VOCs,  the  return 
air  will  likely  bo  warmer  than  the  desired  temperature  when  cooKng  is  needed.  The  cost  to 
heat  or  cool  a building  b generally  negligible  compared  to  the  cost  of  the  air  control 
^em  and  due  to  the  variability  of  the  inpuls  in  con^niting  these  energy  cosu,  healing  or 
cooling  costs  will  not  be  addres,sed  in  this  study.  The  climate  control  ofthe  building 
should  however  be  considered  when  deciding  on  recirculalioiL 


General  Assumplions 


Even  mixing  - The  air  within  the  facility  is  assumed  to  be  evenly  and  rapidly 
mixed  Uuoughout  the  building. 

products  is  held  constant  at  the  application  rate  input  by  the  user. 

Accurate  MSDSs  - The  material  safely  data  sheets  (MSDSs)  are  accurate  and 
complete.  Note:  Restricted  vetsions  o(  MSDSs.  which  are  provided  to  health 

thechemicalmokeuporeachproduct.  linrestricted  MSDSs,  which  are 
designed  to  protect  company  trade  secrets,  can  be  used  in  the  model  but  the 
restricted  MSDSs  provide  more  detail  on  the  chemical  makeup  of  a product. 
Overqiray  - The  amount  ofoverspray  is  the  quantity  of  product  that  does  not 
stick  to  the  aircraft  and  will  become  airborne.  Thesolveius  area-ssumed  to 
evaporate  100%  but  the  solids  in  the  paint  willbeaftected  by  the  overspray 
which  is  input  by  the  user.  If  50%  of  the  product  is  overspray  then  50%  of  the 
solid  components  and  100%  oftiquids  components  will  contribute  to  indoor  air 
concentrations  (see  How  Applied  on  page  60  for  more  detail). 

Constant  filter  efficiencies  - New  fthers  will  generally  become  more  efficient 
over  lime  as  they  ‘^e"  with  solid  particles.  In  the  case  study  ofC-130 
painting,  the  Biters  are  replaced  after  three  aircraft  have  been  painted.  As  a 

will  be  a.ssumed  in  the  model. 


Ui  balance 


calculaliofts  lo  delerminc  indoor  air  concenlralions.  These  caiculalioiis  require 
application  rales  lo  delerminc  concemralloas.  [fa  task  does  not  consume  a 
chemioal  product,  the  task  can  not  be  evaluated  in  this  model  and  a source 
emission  rate  can  only  be  determined  through  proper  air  sampling.  One  such 
task.  Scuff  Sanding  a pointed  aircraft  will  be  snored  in  this  demonsmiion  even 
though  it  can  produce  hazardous  emis^iu. 

7.  InslamaiKoua  evaporation  - The  applicaiion  rate  of  the  product  will  he  used  lo 
determine  the  source  emission  rale.  Inolher  words,  if  H lakes  one  hourlo 
apply  one  gallon  ofToiuene.  then  one  gaHoolhour  is  the  eviration  rate.  Gut 
it  may  actually  take  three  hours  for  toluene  to  hilly  evaporate  would  yield  ao 
evaporation  rale  of  0.33  gallona^ur.  Tins  is  a conservative  assumption 
because  chemicals  will  evapoiale  more  sbwiy  than  the  application  rate.  The 
mtudmum  concemraiion  will  therefoie  be  higher  with  a faster  evapotslion  rale 
versus  a slower  evaporation  rate.  Olhor  evaporation  models  exist  (Kunkel. 
1991: 19)  hut  due  lo  the  congrlexity  of  determining  acmal  evaporaiion  rates, 
the  applicaiion  rale  ofihe  product  is  subsihuled  hi  this  modeL 

8.  Synergislic  effects  ignored  - The  synergistic  eBecis  of  mulliple  chemicals  are 
ignored.  In  the  model,  each  chemicnl  is  measured  against  its  0£L  separately. 
Some  chemicals  can  have  a synergislic  cCfecI  with  each  other.  OSHA  uses  a 
formula  to  confute  a new  OEh  for  chemicals  that  have  a similar  target  organ 
(Le.  both  effect  the  Hver).  This  type  of  anaiy^  is  not  done  in  this  model. 


9.  No  per 


al  proiKiive  equipmem  (PPE)  used  - The  model  ignores  PPE  ; 


os  respiralory  proteclion.  However,  Ihe  user  can  enaly  delermiiie  if  respiralors 
will  be  proleuive  by  comparing  ihe  Wghesl  relative  concentrations  to  the 
issigned  protection  fetor  (APR  of  the  type  of  respirators  used.  If  the  highest 
conceniratioii  is  IS  times  the  exposure  limhandthe  type  of  respirators  used 
have  a APF  of  25.  then  the  worker  would  be  protected. 

10-  User  estimate  on  rinsing  - Some  products  are  appbed  then  rinsed  off  which 
will  eliminale  evaponuion  of  sotvenls  to  the  feOity  as  long  as  the  Ouid  exits 
the  building.  In  (his  case,  h would  be  incorrect  to  assume  the  entire  product 
evaporates  in  the  buildmg,  so  the  user  may  adjust  the  quantity  of  product  left 
over  to  evaporate  by  inputting  the  ftaction  that  is  rinsed  sway.  There  is  no 
easy  way  to  determine  the  quantity  lost  unless  either  the  rinsaie  or  (he  air  is 
sanqtled.  Therefore,  the  users  best  estimate  Is  assumed  to  be  accurate  for  the 
purpose  of  thisnutdeL  If  the  product  Is  rinsed,  but  rinsaie  is  allowed  to  sit  in 
the  facility  to  evaporate,  then  no  rinsing  should  be  input  because  the  product 
would  still  be  allowed  to  evaporate  in  the  facility. 

1 1 . Economic  model  based  on  EPA's  control  cost  estimator  - The  EPA  has 

assembled  a cost  model  for  various  technologies  known  to  reduce  VOCs.  The 
models  have  been  altered  to  work  in  this  model  but  all  formulas  were  lefl  intact 
and  are  assumed  to  be  accurate. 

13.  Fresh  air  intake  is  clean -It  is  assumed  that  Ihe  ffesh  ur  intake  is 
unconlaminaled  with  pollutants. 


I some  degree,  it' 


14.  Adequate  fse  proicclion  - Fire  hazard  is  a significanl  con 
reciioulalkm.  While  the  model  addresses  the  6re  isnie  to 
be  assuncd  that  adequate  tire  safety  systems  irtcluding  LEL  alarms  and 
sprinkler  systems  have  been  installed  and  are  inspected  mminely. 

15.  Other  issues  like  political,  ecological  or  quality  of  life  issues  that  may 
signiJicantly  influence  the  decision  to  recbculaie  vdll  be  ignored  for  the 
purpose  of  this  study.  Issues  such  as  nuisance  odors,  future  htigalion.  future 
clean-up  costs.  £PA  or  OSHA  fines  may  have  an  addhioniil  in^t  beyond  the 
scope  of  this  work.  Adeciskm  making  diagram  describii^  some  other  issues 
that  will  influence  the  detisbn  to  reciteulaie  can  be  found  in  figure  3-3.  This 
model  will  address  some  of  Ihe  issues,  olhers  are  qualhative  and  should  be 
con^ered  when  deciding  on  whether  recirculation  can  be  uuplcmenled. 


JHI] 


Figure  W 


: Diagram  for  Recirculating  Decisk 


CHAPTER  4 

USER'S  MA24UAL  FOR  RECIRCULATION  MODEL 


This  chapter  is  intended  as  a user's  nianual  for  the  recirculation  modeL  If  this 
document  is  being  viewed  ou  an  electronic  format,  use  the  "find"  feature  of  the  program 
to  k>oL  for  a key  word.  Also,  if  this  document  was  launched  from  the  help  button  in  (he 
lecirculation  modeL  select  Excel  on  the  Microsoft  Start  Bar  to  gel  back  to  the  model  fiom 
this  Word  document. 

The  model  is  designed  to  predict  maximum  and  average  indoor  air  concentrations 
relative  to  OSHA  or  ACCIH  OELs.  It  is  designed  for  use  by  an  industrial  hygienist  or 
environmental  engineer  contemplating  the  use  of  recirculating  industrial  air  in  a buildii^  as 
a means  of  reducing  air  control  costs.  The  model  lakes  information  about  hazardous 
products  used  in  a buildup  and  bow  they  are  used  to  assess  whether  indoor  air 
concentrations  will  build-up  to  unacceptable  levels  at  various  amounts  of  recirculated  air. 
This  model  is  not  intended  to  give  a yes  or  no  answer  regarding  recirculattoo.  nor  is  it 
intended  as  a substitute  for  proper  air  sampling.  It  is  Intended  as  a tool  to  understand  the 
decision  and  optimize  the  level  of  recirculation  to  cut  environmental  emission  control  costs 
wNIe  keeping  workers  safe  fiom  chemical  exposure.  It  can  also  be  used  as  a screening 
tool  for  air  sampling  to  determine  which  task,  product  and  chemical  has  (he  greatest 


rken'  heahk  The  model  can  help  guide  air  sampling  melbodology  and 


timing. 


Thei 


; using  mass  balance  cqunlions  (see 


Chapters).  An  interactive  chemical  database  with  over  1300  chemicals  works  in 
conjunction  with  the  model.  Cbemicais  can  te  searched  by  CAS  d or  by  chemical  name. 
The  database  includes  OSHA  PELs,  STEU  ceiling  limiu  and  equivalent  ACCIH  limits 
(asofJune  1997).  The  database  also  includes  molecular  weighu  specific  gravity,  vapor 
pressure  and  other  cheimcal  specific  types  ofinformation.  This  database  was  assembled  I 
reducetheamountarinformalionrequiredfiomtheuser.  The  database  was  assembled 
using  information  fiom  the  sources  listed  below; 


29CFR  iQin  iiwt-TahU  7.7  Tn.ir  and  Hamnlois  Substances  (OSHA.  !997d), 
29  CFR  1910.1000-  Table  Z-3.  Minenil  Dusts  (OSHA.  I997e), 

Commercial  chemical  databases  on  the  internet  (CambridgeSoft.  Vettnonl  Safety  and 
InTormalion  Resources). 

1997  ACOIH  Threshold  Limit  Values  Limit  Values®  Booklet  (ACGIH.  199fi), 
CHEMINFO  - chemical  dalaba.se  on  CDROM  from  Canadian  Occupational  Health 
and  Safety  Ofltce. 


• Database  from  Air  Force  Bbenvironmenial  Engineering  software  called 
BEEKEEPER-  (Moreno). 

Tte  required  inputs  to  the  Exitei  spreadsheets  are  entered  by  the  user  through 
Visual  Basic  for  Applications  (VBA).  The  VBA  input  forms  are  inslaUcd  auromalicalJy 
when  the  Excel  file  is  opened.  Always  go  through  the  VBA  input  forms  to  mrtdiJy  data  io 


^ A chemical  database  from  Air  Force  software  for  industrial  hygiene  surveys 


Chertueal  Princioles  IS**  Edhion).  (Maslertonel  al.,  1981).  and 


Excel  because  several  problems  can  arise  by  liylng  lo  add  data  directly  to  Excel.  If  Ibe 
VBA  input  forms  are  closed,  the  model  relums  the  user  lo  the  Excel  spreadsheets.  To 
reload  Ihe  VBA  input  forms,  click  the  button  on  the  top  of  nearly  every  spreadsheet 
labeled  "Bock  to  Visual  Basic  Inputs  >.'  This  will  reload  the  VBA  it^tul  forms.  Some 
spreadsheets  in  the  model  are  automatically  protected  when  the  VBA  forms  are  closed. 
Each  spread^t  In  Excel  and  a brief  description  of  each  is  listed  below: 

Excel  Giaolg  Created  Bv  Running  Model 

• lOYrCiun  Cost  - Cumulative  cost  over  10  years  at  ooe  recirculation  level . 

• Rec  Vs.  Cost  - Graph  of  annualized  cost  al  various  recirculalioD  levels. 

• TWA_PEL  Chart  - Highest  chemical's  TWA/(TLV  or  PEL)  per  task. 

• Max  Chan  - Graph  ofhigbesl  chemical'a  Max/(STEL  or  Ceiling)  per  task. 

• VOC  Lb_Yr  - Graph  ofannual  pounds  of  VOC  output  by  task. 

• TaskHis_Yr- Graph  of  annual  working  hours  per  task. 

• LEL- Graph  ofLowet  Explosive  Limh  relative  10  recirculnlion  level  per  task. 


• MAX  - Computes  maximum  concemralions  for  each  chemical  by  product  (mg/ro’), 

• MaxKSTEL  - Maximura  concenlration  per  STEL  or  ceiling  (ratio). 

• AVC  - Con^tes  average  concentratk>n.t  for  each  chemical  by  product  (mg'm’l. 

• TWA%OEL-  Average  concentration  per  PEL  or  TLV  (ratio). 

• Data  - Sums  Max/STEL  and  TWa/OEL  for  each  chemical  within  a task. 

• Charts  - Highest  Max/STEL  and  TWA/OEL  per  Ui^  while  recirculalion  is  varied. 

• Top  4 Chem  - Relums  the  four  chemicals  with  the  highest  relative  concemralions  in 
the  selected  task. 


• Cen  Inputs  - General  infbrniation  about  the  building  size,  airflow  etc.. 

• Control  Costs  - Stores  ulilicy  inputs  aod  con^niles  nir  comrol  costs, 

« Chem  Inputs  - Main  sheet  stores  all  task,  product  and  chemicai  ntformation. 

• Lists  - Stores  chemical  database  and  other  information. 

The  shove  four  Input  Storage  Sheets  are  protected  whenever  the  user  exits  the  VBA  input 


I made.  All  other  spreadsheets 


so 

and  graphs,  use  ihe  raw  claM  in  ihese  four  sheets.  Many  of  the  ceUs  inlhe  ^ve  lour 
spreadsheets  have  named  entries  that  the  model  uses  and  can  not  be  altered  or  the  model 
will  fail  to  run. 

WARNING:  The  working  end  of  the  model  is  really  the  Excel  spreadsheeu  but 
due  to  the  complexity  ofthe  fleets,  the  VBA  input  forms  are  used  as  a means  of  loading 
the  data  and  viewing  the  outputs.  At  anytime,  the  user  is  allowed  to  go  to  Excel  directly 
however  the  iracros,  which  assemble  the  customized  ^readsbeets  and  graphs,  will  not  run 
if  information  is  not  installed  correctly.  The  information  is  loaded  more  easily  and 
properly  through  the  VBA  h^t  forms.  Also,  the  VBA  input  forms  coruain  an  error 
checking  system  so  the  model  gives  a warning  if  for  example,  a number  is  required  and  a 
letter  is  input.  If  the  user  emers  Excel  directly,  the  most  important  sheets  will  be 
protected  but  do  not  to  alter  the  locations  or  the  names  ofthe  cells  in  the  hqxil  siorege 
spreadsbecls.  Changing  some  parameters  in  the  graphs  (i.c.  bar  charts  to  pie  chans)  or 
copying  data  to  another  Excel  file  is  permissible.  Always  make  a back  up  copy  of  the 
mode!  in  case  something  is  inadvertenlly  altered  causing  the  model  not  run  to  properly. 

The  test  of  this  chapter  is  organized  by  VBA  input  forms  in  the  order  that  they 
appear  to  the  user  when  using  the  recirculation  model. 

Task-Product-Cbemical  Form  (Main  Form) 

The  form  shown  in  figure  4-1  is  the  main  VBA  input  form  and  every  other  form 
can  be  loaded  from  this  one.  Most  of  the  lime  spent  inputting  dolo  will  be  from  this  form 
because  all  the  tasks,  products  and  chemicals  arc  loaded  into  this  form.  On  the  top  of  this 
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fotm.  there  are  aeveral  control  buttons  and  below  these  buttons  are  three  large  frames 
(unless  no  tasks  are  loaded  then  only  the  upjier  form  is  shown). 


• Middle  frame  - to  input  pioducts  used  in  the  task  shown  in  the  upper  frame,  and 

• Lower  frame  - to  input  chenicala  as  a percentage  of  the  selected  product. 


BuUoib  On  Tod 


I the  Building  I 


, for  building  din 
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r>inpiii  Fnrm  — Loads  iho  Output  Form.  Use  of  this  button  should  be  bnuled  because 
the  output  data  are  created  when  RUN  MODEL  is  pressed  and  the  Output  Foim  will 
automatically  ajHienr  afterwards.  The  RUN  MODEL  selection  is  the  most  efUcient 
way  to  gel  to  the  Output  Form  because  the  data  will  be  up-to-date  with  a new  run. 
Whenever  the  VBA  input  forms  are  loaded  such  as  when  the  file  is  mrtially  opened,  the 
output  sheets  arc  auiomalicalJy  cleared  to  make  data  entry  faster. 

Rl  IN  MODEL  - When  finished  loadii^  all  data,  hit  this  button  to  start  the  macros  in 
assembling  the  output  formulas  and  graphs  in  the  spreadsheets.  The  first  thing  that 
will  happen  is  the  form  shown  in  figure  4.2  will  pop-up.  Select  between  usir%  OSHA 
exposure  limits  only  or  OSHA  and  ACGIH  Umhs  (the  most  stringent  limh  is  applied  if 
both  are  selected).  To  make  a different  selection,  the  RUN  MODEL  button  must  be 
selected  again  to  reassemble  the  graphs.  Once  the  selection  is  made,  press  continue 
and  let  the  model  tun  completely.  Do  nol  try  to  stop  the  Excel  macro  while  H is 
running  or  the  file  may  be  damaged.  The  macro  lakes  several  seconds  to  run  (40 
seconds  on  a Pentium  200  with  over  60  products  loaded).  The  macro  assembles  the 
customized  graphs  and  formulas  relative  to  the  input  data  that  have  been  entered  into 
the  spreadsheets.  The  model  must  be  run  each  time  mfbrmalion  is  changed  or  each 
lime  the  VBA  input  forms  are  re-entered  (output  spreadsheets  are  cleared  when  VBA 
input  forms  are  loaded  to  increase  the  speed  during  data  entry).  If  the  model  isiut  run 
after  a change  is  made,  the  churls  will  old  information  or  no  information  at  all. 
SAVE  - Saves  all  input  data.  This  is  the  same  as  being  in  Excel  and  selecting  "Save 


I this  button  is  alv 
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Figure  4-2  OSHA  or  ACGIH  and  OStlA  Seleclioii 

When  the  user  gels  oul  of  VBA  input  forms  and  tries  to  close  Excel.  Excel  will  usually 
remind  the  user  to  save  the  work.  Do  not  save  the  file  &om  Excel  because  there  is  a 
chance  that  all  the  output  data  is  still  in  the  spreadsheets  and  the  file  will  be  much 
larger.  Then,  the  next  lime  the  model  Is  used,  h will  run  much  more  slowly.  It  will 
still  be  slow  even  if  the  user  clears  the  sheets  by  le-entering  the  VBA  hput  forms.  To 
correct  an  accidemal  save  &om  Excel,  simply  open  the  VBA  input  forms  which  dears 
the  output  sheets,  save  the  model  from  the  VBA  main  form  then  close  and  re-open  the 
model  (remembering  not  to  save  when  the  Excel  prompt  appears).  It  is  best  to 
remember  to  save  the  work  from  the  VBA  inputs  dieets  because  the  outputs 
spreadsheets  are  always  cleared  when  the  model  has  the  VBA  input  forms  loaded. 

■ HF.t-P  - Opens  this  help  documem  as  long  as  this  documem  is  named  'Tteadnie.doc'* 
and  is  loaded  in  the  same  sub-directory  as  the  Excel  model. 
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QUIT  - To  quii  after  the  work  has  heen  saved  ftom  the  SAVE  button  in  the  VBA 
main  fonn,  clkk  the  QUIT  button  to  gel  out  of  VBA  input  forms  and  into  EiiceL 
Then  close  Excel  as  nuriml  but  do  not  save  the  file  when  the  Excel  prompts  appears. 
Save  the  work  from  the  VBA  main  form  only  to  ensure  output  spreadsheets  aie 


Ocicte/Paste  Pop-Uo  Menu 

The  pop-up  menu  shown  in  figure  4.3  will  appear  if  the  button  labeled 
"Delete/Pastc  Menu"  is  clicked  or  the  right  mouse  button  is  clicked  in  an  area  outside  the 
three  frames.  The  pop-up  menu  will  disoppciv  if  the  QUIT  selectioD  is  made  in  the  pop- 
up menu.  The  pop-up  menu  has  the  following  selections: 


Figure  4-3  Delele/Pasle  Pop-Up  Menu 


• fonv  Product  - This  selection  copies  the  selected  product  mw  in  Excel  and  nil  hs 


• Paste  Product  - This  selection  pastes  a copied  product  to  another  lasL  Copy  Product 
must  be  selected  lirsl  and  then  a new  task  must  (e  highlighted  before  Paste  Product 
can  be  selected.  If  something  else  is  perfonned  between  copy  and  paste,  the  row 
selected  in  Excel  may  be  lost  and  an  error  may  occur.  If  a product  is  posted,  all 
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product  and  chemical  data  are  pasted  into  the  sclecled  ta^  including  usage  rales,  how 
h s used  elc.  Check  this  informalion  if  this  pasted  product  is  used  difleienlly  in  the 
newuuk.  The  advantage  of  pasting  is  to  avoid  having  to  re-enter  the  chemicals  and 
the  product  name  etc. 

- Dcleles  the  selected  task  Irom  the  model  and  all  products  associated 
wHh  the  task.  A warning  will  appear  indicaling  which  task  is  about  to  be  deleted. 
There  is  no  "undo"  function  aiier  a task  is  deleted.  The  "Delete  Chemicals  in  Model" 
form  shown  in  figure  4-4  will  appear  if  this  seteclion  is  made  and  it  wiU  list  all 
chemicals  in  the  model  not  anached  to  a produa.  Sec  the  "Delete  Chemicals  in 
Model"  form  below  for  a further  explanation. 

Delete  Product  - Deletes  the  selected  product  from  the  model.  A warning  will  appear 
indicatiiig  which  product  Is  about  to  deleted.  There  is  no  "undo"  function.  The 
"Delete  Chemicals  In  Model"  form  shown  in  figure  4-4  will  uppeur  if  this  selecrkmis 
made  and  it  will  list  all  chemicals  in  the  model  not  attached  to  a product.  See  the 
"Delete  Chemicals  in  Model"  form  below  for  a further  explanation. 

Delete  Chermcal  - This  selection  deletes  an  individual  chemical  from  the  model  (rut 
the  database).  Because  the  entire  chemical  column  is  deleted  in  Excel,  if  the  chemical 
selected  for  deletioD  is  used  by  another  prtKluct  a warning  will  appear  indicating  that 
another  product  is  also  using  the  chemical  The  user  can  then  quit  or  continue  to 
delete.  There  is  no  "undo"  button,  if  the  user  wants  to  delete  a chemical  &om  only 
the  selected  product,  just  delete  the  number  next  to  the  "Al"  on  the  main  form  while 
the  product  is  selected.  The  chemical  will  be  deleted  as  a conslirueru  of  that  product 


DfleieM-lflItti 


vill  clear  all  usks  and 


aasociaied  pmducis.  The  "Delele  Chemicals  In  Model"  form  shown  in  figure  4-4  will 
appear  if  this  selectisn  is  made  and  it  will  list  all  chemicals  in  the  model  nol  attached  lo 
a product.  See  ihe  "Delete  Chemicals  In  Model"  form  below  for  liirther  etcpianation. 
QUIT  - Closes  the  pop-up  mena  Also,  Ihe  left  inoa<®  button  clicked  in  the  area 


"Delele  All"  is  selected,  the  chemicals  that  do  nol  have  any  products  assoeialed  with 
them  will  be  displayed  as  ^wn  in  figure  4.4.  It  is  presunted  that  only  these  selections 


will  cieaie  unattached  chemicals  so  this  window  will  only  appear  if  one  of  these  three 
selections  is  made.  The  user  may  select  any  one  or  all  of  these  chemicals  to  delele. 


e.  Only  I 
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selected  chemicals  highlighted  in  blue  will  he  deleted  fitim  the  inodeL  if  all  chemicaLs  are 
associated  with  at  least  one  product,  this  form  will  not  appear  after  a deletion.  The 
chemicak  in  the  chemical  daubase  are  never  deleted  but  can  be  revised  (see  Chemical 


The  upper  frame  is  for  lads.  The  user  should  fiisl  tlowchon  the  process  with 
inputs  from  the  shop  supervisor  to  undcratand  the  types  of  operations  and  tasks  Involved 
in  the  building  under  evaluation.  This  is  a standard  part  of  an  industrial  hygiene  survey.  A 
separale  task  diould  be  established  whenever  nn  operation  involves  a difiereoce  in  ihe  type 
of  products  being  used  or  a significant  difierence  in  the  application  rate  ofthe  products 
(see  Chnpter  5 for  methods  to  determine  tasks,  products  etc.).  However,  it  is  permissfole 
to  add  several  products  within  the  sanw  task  that  are  substitutes  for  each  other.  For 
exnnple,  if  either  MEK  or  Toluene  is  used  during  a cleaning  task,  then  they  can  both  be 
added  to  the  cleaning  task  and  linked  as  suhsthutes  (substitute  links  are  explained  in  the 
Substitute  section  below).  Each  task  is  handled  as  a separate  chemical  emission  entity. 

For  example,  if  10  products  each  containing  some  amount  ofloluene  are  used  in  a task, 
the  toluene  from  each  product  Is  summed  lo  compute  ihe  indoor  air  coneetnralions  of 
toluene  for  lhal  task.  The  inputs  in  the  Task  Frame  (upper  frame)  are  as  follows: 

• TASK  i)  - No  iroui  is  needed.  Tasksore  automatically  counled. 

• Tusk  Name  - The  task  name  can  be  any  name  the  user  wisbes  to  uniquely  idenli^'  a 
task.  To  change  the  name  in  the  task  box.  type  the  new  name  in  the  box  and  hit  enter. 
The 'Add  Task?'  box  ^wn  in  figure  4.S  will  then  pop-up  to  ask  if  the  user  wants  lo 


The  first  Hem  in  the  task  drop  i 
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box  bbeted  “ADD  A NEW  TASKr  will  also  setlhe  form  to  add  a new  lask-  The 
product  and  chemical  flames  will  be  hidden  umil  all  information  la  added  in  the  leak 


Figure  4>5  Add  Ta^  Box 

• Tiidf  Time  Hirr  - Enter  how  many  hours  on  average  the  task  takes  to  perform.  This  is 
for  slime  per  task  chon,  which  illustrates  the  annual  time  ^nt  per  task. 

• 'nmea'Year  - Enter  how  many  times  per  year  the  task  is  performed. 

Product  Frame 

product  frame.  The  Material  Safely  Data  Sheet  (MSDS)  on  each  product  is  necessary  for 
the  product  frame  and  the  chemical  frame.  If  a 2-pari  product  is  enterod.  each  product 
must  be  entered  separately  and  the  corresponding  quantities  adjusted  for  their  mixing 
ratios.  For  example,  if  10  gallons  ofa  2-pan  pain!  bused  with  a mixing  ratio  of  1 :4,  then 
enter  part  one  as  a separate  product  with  two  gallons  used  and  parr  two  as  a separate 
product  with  eight  gallons  used. 

• Product  No  input  b needed.  This  box  uulomalicaJly  displays  the  luimher  of 


MTIM-Thf  National  Item  Identification  Number  (NIIN)  is  an  opiioiial  input  to  help 
identi^'and  tnck  a product  based  on  its  NIEN  (located  on  the  MSDS).  All  or  pan  ol 


the  NIIN  can  be  entered  here. 

Product  List  Box-  This  box  displays  a list  of  the  products  that  belong  to  the  task 
sekcied  in  the  task  fiame  above.  Click  on  a product  in  this  box  to  display  all 
corresponding  information  about  that  product  along  with  the  chemical  breakdown  of 
the  product  (in  chemical  frame  below).  When  a product  is  selecled.  any  attribute  in 
the  product  frame  can  be  changed  and  the  'Update/ Add  Product"  Button  will  appear. 
This  button  must  be  clicked  to  update  or  add  to  the  model.  The  top  entry  in  this 
listbox  is  always  'ADD  A NEW  PRODUCT?.'  Clickiitg  this  entry  allows  the  user  to 
add  a product  to  the  selected  task.  To  delete,  copy  or  paste  a product  hh 
“Delete/Pasie  Menu"  button  (sec  pop<up  menu  above).  Products  are  listed  in  the 
otder  they  are  entered.  Also,  an  alphanumeric  (A.  B.  C etc)  will  appear  before  two 
products  that  are  linked  as  substitutes  Ibr  each  other.  Substitutes  need  to  be  enlerod 

Rinsed- This  rinsed  section  will  bnpacl  only  the  liquid  fraction  ofa  product.  If  the 
preduct  is  applied  and  left  to  evaporate,  then  choose  "No  Rinsing -0%.'  If  the 
product  is  applied  then  rinsed  off  to  exit  the  building  (rather  than  left  as  a puddle  to 
evaporate),  enter  an  estimate  of  the  percentage  of  product  that  is  rinsed  away.  Keep 
in  mind  that  the  rinsed  away  fraction  will  be  diractly  multiplied  to  the  air  concemration 
ofa  liquid  chemical.  Therefore,  if  9SK  is  rinsed  away,  and  the  air  concentration  for  a 
particular  liquid  chemical  in  this  product  would  otherwise  be  lOOmg/m',  then  the  air 
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coiKencralion  will  be  5 mg/ni’  represeming  Ihe  fraction  that  is  left  to  evaporate.  Only 
liquid  fractions  of  the  product  arc  handled  in  tluE  way  as  shown  in  ti^le4-l  below. 

Table  4-1  Rinsing  Elfect  on  Solids  and  Liquids. 


How  Anniled  - The  how  applied  section  impacts  only  the  solid  chemicals  (Le.  metals) 
of  a selected  product.  If  a product  is  sprayed  on.  then  the  solid  fraction  of  the  product 
that  becomes  airborne  is  deierTTuned  by  Ihe  amount  of  overspiSQ'.  If  the  product  is 
rolled  or  brushed  on,  ft  is  assumed  that  the  solid  chemicals  of  the  product  will  not 
become  airborne.  Tlu  liquid  chemicals  of  the  product  is  unaflected  by  how  ft  is 
allied.  Liquid  chemicals  are  assumed  to  evaporate  100%  over  the  lane  that  the 
produol  is  being  used  because  the  liquid  chemicals  wfl]  evaporate  regardless  of 

10-30%  overspray  by  weighing  the  painted  part  before  and  after.  However  that  was 
under  lahorsloiy  conditions,  actual  overspiay  ranges  are  closer  to  40-60%  depending 
onIechnique.appllcaiaranda  variety  of  other  (actors  (Carhon  and  Flyna  1997:  S67). 
The  type  of  ^ray  equipmem  used  will  have  a big  effect  on  overspray.  Table  4-2 


: dola  gathered  on  paint  spray  systems  (Ayer  and  Hyde.  1990). 
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TaWe  4-2  Paini  Spray  Gun  Transfer  Eflicicncy 


Tnrwfrr  Pffidioev 

Ovenonv 

10-4044 

12-7244 

28-g»% 

Air  Atomized  Systems 

l2-6i44 

32-88% 

If  large  droplets  are  being  formetKle.  garden  bose).  then  less  overspray 
^uldbe  usedsuchasS-IOK.  There  is  a direct  I :l  relationship  with  indoor 
coneemiationsofsolidsandovetsptay.  For ertnmple. if 4044 oveispray is enlered, 
then  the  air  concentration  will  be  confuted  using  4044  of  the  mass  of  the  sobd 
chemicals  in  that  product.  The  table  bebw  (table  4-3)  shows  the  effect  ofovenrpray 
as  they  relate  to  the  airborne  concemralions  of  solids  and  liquids  in  a product. 

Table4-3  OversprayEOect  on  Solid.s  and  Liquids. 


% By  Wi  or  Vol  - Select  whether  the  chemical  makeup  ofthe  product  is  entered  by 
weight  or  by  volume  on  the  MSDS.  Typically,  chemical  percentages  are  by  wei^i 
unless  otherwise  specified  on  the  MSDS. 

example,  different  products  may  be  used  in  the  same  task  under  different  condilioiis 
(hot  versus  cold  weather).  When  either  one  product  or  another  is  used  in  a task  to  do 
the  same  thing,  the  products  con  be  considered  substHulea  even  if  usage  rales  vary. 


The  “LINK  As  SubstlluiesT'  buiioo  is  a toggle  switch  that  will  link  (or  unlink  if  they 


vith  Ihc  producl  immsdiliel)'  belov 
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are  already  linked)  I 

he  currently  selected  product  with  the  product  immediately  below 

It.  Substhule  pcodu 

CIS  must  be  entered  next  to  each  other  to  be  linked.  If  there  is  only 

one  product  or  the  1 

last  product  is  selected,  the  "LINK  As  Substitute"  button  will 

disappear.  Whenth 

c products  are  not  linked  and  this  button  is  clicked,  the  products 

wiU  te  Unked.  Analptanunwric  placeholder  will  appear  in  Ihepraducl  lia  box  juS 
belbre  ihe  producl  name.  Al  times  "B,  B"  may  appear  when  there  is  no  "A.  A."  This 
is  normal  and  Ihe  products  wiL  aiU  he  treated  as  substitutes.  To  link  more  than  two 
products,  select  Ihe  k>%ser  ofiwo  linked  products  shown  in  the  list  box  and  click  the 


"Link  as  Substitute' 

T button.  All  three  products  will  now  be  linked.  The  model  will 

handle  linked  produ 

Ids  bj  checking  each  chemical  and  the  one  that  has  the  largest 

concentration  relali 

ve  to  hs  respective  OSHA  or  ACGIH  limh  is  added  to  the  chemical 

emission  for  that  ta: 

sk.  This  is  done  on  a chemical  by  chemical  basis  so  it  is  passible 

for  diderent  subslit' 

uie  products  to  be  added  under  dilTerem  cbemicals. 

AvgJJad  - This  is  used  to  determine  the  Time  Weighted  Average  (TWA)  air 


la^ 

ler  bow  many  gallons  of  this  producl  is  used  on  overage  whhin  Ihe 

Max  Used -This  is 

. used  to  deleiminc  wbeiber  u exiling  or  STEL  limh  may  be 

exceeded.  Enter  ih 
the  average  will  be 

e maximum  number  ofgiillona  used  within  the  task.  Ifleft  blank. 

Time  U.sed  - This  i 

s the  length  of  lime  a producl  is  used  wilhin  a task.  Product  time 

used  tnay  not  excce 

d the  Task  Time.  Ifihisoccursa  warning  will  be  given.  'Time 

Used"isimponant 

to  the  time  weighted  average  (TWA)  exposure  calculations,  if  a 

producl  time  used  i 

s two  hours  during  an  8-bour  shiA.  and  the  concentration  is  1 0 

mg/m’  inlhe  two  hours,  then  aTWA  of  2.5  mg/m’  ((10  mg/m’  • 2 hrs  + 0 mg/m’  • 6 
hisVS  hrs)  is  expected. 

• VOC  Comenl  - Enter  the  Volatile  Organic  Confounds  (VOC)  comem  of  the  product 
in  gtamiOiler.  This  is  to  help  deiermine  how  much  VOCs  are  being  emitted  by  the 
EicPhy  per  year  and  the  model  will  break  VOC  emissionsdowD  by  task,  [talsoisused 
in  determining  the  control  costs.  Often  the  VOC  content  can  be  found  on  an  MSDS  as 
a chemical  ingredient  entry  in  grams/liler.  If  VOC  content  is  not  given,  ft  can  be 
computed  with  the  percent  volatile  00  tbe  MSDS.  as  long  as  there  is  no  water  in  the 
product.  Multiply  the  percent  volatile  by  the  product  den^  and  convert  to  grams/ml. 

• Prod  Density  - Enter  the  densitv  of  the  product  found  on  the  MSDS  in  grams/ml  If 
the  product  density  is  not  given,  divide  the  product  weight  (lbs)  by  the  product  volume 
(gal)  and  convert  to  grams'tnl  if  needed.  A value  of  1 .0  granVUter  is  assumed  if 
density  is  left  blank. 

• ADD  PRODUCT  Button  - This  yeUow  button  is  visible  only  when  "ADD  A NEW 
PR00UCT~  is  selected  or  if  one  of  the  product's  attributes  is  changed.  To  add  or 
change  a product,  this  button  must  be  pressed  after  all  product  iftformaiion  is  entered. 
All  informatioD  is  checked  at  this  point  for  proper  entry. 

Chemical  Frame 

• Chemical  ft  - no  input  needed,  automatically  counts  chemicals 

• CASe  - The  small  box  labeled  CAS  # is  dLvahled  until  the  first  entry  in  the  chemical 
list  box  labeled  “ADD  CHEMICAL  TO  THIS  PRODUCT  (sometimes  just  tbe  word 


'ADD''  appears)  is  selected.  Enter  the  full  < 


nbcT  (in  dashes)  of  the  chemical  to 
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be  added  and  hit  felum  The  CAS  # can  be  bund  on  tbe  MSDS  and  it  is  used  to 
uniquely  Wenlify  a chemical,  if  the  CAS  number  is  recognized  as  previously  iiqwl  in 
the  model  or  if  the  CAS  4 is  found  in  the  chemical  database,  the  Chetrocal  Data  fbnn 
will  automatically  open  with  all  the  information  loaded  about  that  cbemical.  From  the 
Chemical  Data  form  the  data  can  be  inspected  and  modified,  in  the  upper  left  box 
labeled  "percent."  enter  the  percem  of  the  chemical  found  in  the  product.  Then  press 
the  ADD  CHEMICAL  button  and  the  information  wUl  be  loaded  into  the  model  (for 
more  infornalion  on  Ihe  Chemical  Form,  see  below).  Tbe  form  will  then  disappear 
and  the  chermcal  will  appear  in  the  chemical  list  box  for  the  chosen  product.  Ifthe 
CAS#  is  not  recognized,  the  model  will  ask  ifthe  user  wishes  to  input  a new  chetnica! 
manually.  If  yes  is  selected,  the  domical  input  form  will  appear  with  only  the  CAS  # 
and  product  name  loaded.  Enter  the  chemical  information  here  and  press  ADD 
CHEMICAL.  The  entries  are  screened  for  proper  entry  and  the  model  will  ask  if  the 
user  wants  to  add  the  new  chemical  to  tbe  database  also.  A chemical  can  be  deleled 
from  the  model  but  h can  not  be  deleted  from  the  chemical  database.  The  information 
in  ihe  database  can  be  altered  but  a CAS#  can  not  be  deleted  from  the  database. 
Chemical  Name  - Tbe  chemical  name  can  he  changed  at  anytime  and  the  model  will  be 
updated.  However,  the  next  time  that  chemical  is  entered  imo  a product,  the  model 
will  delect  that  the  oaine  in  Ihe  model  is  be  difforenl  than  the  name  in  Ihe  chemical 
database  and  the  model  will  ask  if  Ihe  user  wishes  to  update  the  database.  Tbe  names 
in  Ihe  dalahtuc  are  genemlly  Inlemarional  Union  of  Pure  And  Applied  Chemistry 


searching. 
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Pereeni(%t  - The  pwcenlage  of  a chemical  in  ihe  selected  product  can  be  changed 
&om  this  box.  If  the  number  is  deleted  and  a blank  is  left,  the  chemical  disappears 
from  Ihe  selected  product  (to  delete  the  chemical  entirely  from  the  model,  select  dcleie 
chemical  from  the  pop-up  menu,  see  above).  On  the  MSDS,  a chemical  may  be  given 
with  a percent  range  or  'unknown"  for  the  percentage.  In  the  case  study  to  follow,  a 
percent  given  as  a range  was  averaged  (La.  20  - 50%  was  entered  as  35%). 

Unknowns  or  blanks  were  left  out  of  the  case  study.  In  many  cases,  chemicals  on  an 
MSDS  that  are  not  given  a percentage  ore  not  highly  hoeiudous  substances  and  do  not 
haveanOEL.  There  are  difierent  vers'tons  of  MSDSs.  Medical  profos»onals  can  get 
the  restricted  MSDS  versons  where  more  of  the  chemical  information  is  given.  The 
unrestricted  version  may  hove  less  Infonnotion  due  to  proprietary  concerns. 

search  a chemical  by  name  or  by  pan  ofa  name.  When  the  search  form  pops  up,  enter 
any  pan  ofa  chemical  name  and  it  will  search  and  display  matches.  To  see  a complete 
lislofchemkals  in  the  database,  hh  Ihe  "View  AIT  button  (see  Chemical  Search  Foim 
bebw  for  more  details). 

Chemical  List  Box  - This  box  wiU  display  Ihe  CAS  #.  chemical  name  and  percent  (%) 
of  all  chemicals  loaded  for  the  selected  product.  It  is  updated  each  time  a new  product 
is  selected.  Double  Click  on  any  chemical  and  the  Chemical  Data  Form  pops  up 
auiomatically  with  all  infonnalioii  loaded  in  the  model.  This  information  is  loaded 
from  the  model  and  can  be  dilferent  from  Ihe  database  if  a change  was  made  to  the 


el  without  updating  the  database. 


Chfwiiml  njia  Form 

To  get  to  the  Chemical  Data  Form  shown  in  6gure4-6: 

a-  ^uble  click  on  a chemical  in  the  chemical  list  box  at  the  bottom  of  the  Task-Product- 
Chemicai  Form 

b.  enter  a new  CAS  * that  is  found  in  the  chemical  database.  Ifnot  found,  this  fom  will 
still  appear  but  h will  he  blank  so  a chemical  can  be  added. 

c.  select  "CAS  Search"  and  double  ebek  on  a chemical  in  the  search  form. 


Figure  4-6  Chemicsl  Data  Form 

In  all  cases,  the  chemical  is  added  to  a product  or  information  about  the  chemical 
can  be  updated  using  Ibe  “ADD  Chemical“  Button  at  the  bottom. 


PercCTi  (*/t)  - If  on  exisling  chemical ' 


clicked  I 


I the  Chemical  I 


fom  Imelhod  a.  above),  ihe  percenl  is  displayed  bul  ihe  pereenl  can  nol  be  altered. 

To  alter  a chemical  percenl  Ibr  a chemical  already  loaded  into  the  model,  change  the 
percenl  from  the  main  form.  If  the  chemical  form  appeared  1?  methods  (b)  or  (c) 
above,  the  percent  box  will  be  blank  and  Ihe  percent  can  be  entered  at  this  point.  A 
percenl  must  be  input  or  a warning  will  appear  when  ibe  "Add  CbemkaT  Button  is 

• Chemical  - The  chemical  name  and  CAS  * ore  displayed  bul  they  can  not  be  altered 
from  this  form.  The  chemical  name  can  be  altered  in  Uk  main  form  (see  above). 

• Product  - The  product  name  and  NUN  can  not  be  altered  from  this  form  but  they  are 
di^layed  to  remind  the  user  which  product  the  new  chemical  isgoir^  to  be  added. 

The  product  name  and  NUN  can  be  altered  in  their  respective  boxes  oo  the  main  form 
(see  above). 

Chcmieal  Characterislics 

• Molecular  Weight  - Enter  or  check  the  molecular  weight  of  Ibe  chemical  (grams'mole) 

• Chemical  Den^  - Enter  or  check  Ihe  chemical  denslly  (Sg)  of  the  chemical 
(grams/ml).  Note:  Do  oot  camiuse  this  with  the  product  density. 

• Phase  - Enter  or  check  whether  the  chemical  exists  as  a solid  or  liquid  at  room 
tempemture.  Ifthe  chemical  is  agas.  enter  h asa  liquid.  The  model  handles  a gas  and 
a liquid  in  the  same  way.  Phase  is  hnportam  in  determining  how  filtration  and 
overspray  will  effect  Ihe  chemical  (see  oversprny.  and  how  the  chemical  is  used 


rthe  chemical  Isa  liquid. 


live  because  a liquid  is  assumed  lo  pass  I 


ugh  a finer  and 


congilelel)'  evaporale. 

• Vapor  Pressure  - Emer  or  check  Ihe  vapor  pressure  in  mmHg.  The  vapor  pressure  is 
used  as  the  maximumeoncemraiionora  liquid  if  Ihe  steady  stale  concentration 
exceeds  the  vapor  pressure  conceruration  of  the  chemical.  The  air  concentration  of  a 
liquid  can  nol  exceed  its  partial  pressure  in  air  (see  Chapter  3 for  vapor  pressure 
calcubtions) 

• BTU  Value  - IT*  British  Thermal  Unh  Value  (BTU  Value)  in  BTU/lb  of  chemical  is 

all  chemical  contributions  to  the  BTU  value  is  added  to  the  EPA  Cost  Estimator 
Model.  The  coninbuiion  of  heating  value  &om  the  pollutants  is  subtracted  Sam  the 
auxiliary  fuel  required  10  beat  the  ait  to  a temperature  needed  to  destroy  VOCs.  If 
there  is  a signiheant  contribution  of  BTU  value  Irom  chemicals,  then  less  fuel  is 
needed  to  beat  the  air. 

Reeulatorv  Limils 

The  unhs  for  the  regulatory  limits  can  be  toggled  between  pans  per  million  (ppm) 
andmg/m’.  The  model  always  uses  ii^/m’ but  even  if  ppm  were  selected.  Ihe  model 
aulontalicaUy  switches  lo  mg/m'  when  loading  the  values  into  the  spreadsheets. 

Acronyms  that  will  be  used  in  the  model  are  listed  below.  For  a more  detailed  explanation 
of  these  and  other  acronyms,  see  the  glossary  section. 

PEL  - Permissible  Exyiosure  Limir 
TWA  - Time  Weighted  Average 
OEL  - Occupallooal  Exposure  Limits 
STEL  ' Short  Term  Exposure  Limil 
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Conservative  iodustrial  hygiene  practices  and  local  policies  may  require  using  both 
ACGIH  limils  and  OSHA  limits  (whichever  b lower)  but  only  OSHAs  limits  are  legally 
enforceable.  When  “RUN  MODEL"  is  selected,  the  model  will  give  a choice  of  running 
the  model  uang  OSHA  liouts  only  or  the  most  stringent  of  both  OSHA  and  ACGIH  limits. 
The  model  must  be  run  each  linK  if  the  user  widies  to  change  this  selectloii.  All  STELs 
and  Ceilings  are  treated  the  same  in  the  model.  The  difference  between  Ceilings  and 
STELs  is  subtle  (STEL  allows  exposure  for  up  to  four  timea/day  for  15  minutes  at  least 

by  either  the  ceiling  or  the  STEL  to  dctermirte  if  a maximum  threshold  is  exceeded  for  a 
given  chemical  The  TWA  is  divided  by  the  PEL  to  deiettnine  if  the  average  threshold  is 
exceeded. 

The  regulatory  limhs  in  the  chemical  database  were  assembled  horn  a variety  of 
sources  (see  Introduction  to  this  chapter).  Some  compounds  such  as  chromates,  lead,  tin. 
aluminum,  cyanides  etc.  are  reported  ^ OSHA  or  ACGIH  using  generel  limits.  These 
gencml  limhs  apply  to  any  chemical  that  contains  the  given  compound  and  the  limh  should 
be  adjusted  to  account  for  the  molecular  wc^I  of  the  chemical.  In  these  cases,  seveial 
common  chemicals  conlmning  each  chemical  structure  were  added  to  the  database  and  the 
limits  have  already  been  adjusted  to  account  for  the  dlflerences  in  molecular  weight. 

Often  these  general  limhs  and  some  specilic  chemicals  are  listed  with  descriptors 
such  as:  “asCr"  or~ss  Hg.'  For  example,  chromates  have  an  OSHA  ceiling  limh  ofO.I 
mg/m’  “asCrOj"(MWofCrOi=IOO).  So  when  adjusting  for  the  compound  strontium 


chfOttMte  IMW  CpfCtOiSr  =203-6).  the  ceiling  limil  for  i 
nig/in’  • (203.6/100)  = 0.2036  mg/tn'. 


Also,  Ihe  ACOIH  TLV  lisied  for  slronlium  chromsle  is  0.0005  mgfoi'  "as  Cr" 
(MW  of Cr=  52)  so  the  ACGIH  TLV  for  slrcmium  chromate  (MW  of CtOsSr  = 203.6) 
becomes  0.0005  mg/m’*  (203-6/52)=  0.00196  mg/m’. 

Therefore,  some  chemicals  wfl]  be  looded  in  the  dslabase  even  though  they  are  not 
specifically  listed  in  OSHA  or  ACGIH  lisu.  OSHA  and  ACOIH  iimhs  should  be  checked 
routinely  as  they  change  fiom  year  to  year.  The  database  is  updated  to  the  1996  ACGIH 
TLV  booklet  for  ACGIH  Limits  and  up  to  June  1997  for  OSHA  Limhs.  In  addition,  some 
chemicals  have  a separate  Code  of  Federal  Regulation  (CFR  29  1910  series)  with  OSHA 
limits  lisied  in  them  All  known  regulations  were  consulted  to  detennine  the  limits  of 
these  separate  chemicals  and  the  CFR  that  refers  to  that  chemical  is  given  in  Ihe  'Tholes'' 
entry  of  Ihe  Chemical  Input  Form  when  the  chemical  is  looded. 

• Notes  - A general  note  block  is  provided  for  any  use  such  as:  an  explanation  of  liinh 
adjustments,  a chemical  synonym  name  or  Ihe  name  of  a unique  regulalion  that 
governs  Ihe  chemical.  In  some  cases  a note  will  appearwilh  Ihe  word  "as"  followed 
by  a chemical  symbol  such  as  "as  F."  This  means  the  limits  for  that  compound  were 
adjusted  for  Ihe  molecular  weight  of  its  fluorine  content  (see  regulatory  limits  above 
for  calculations).  Several  metal  containing  compounds  that  are  not  specifically  lisied 
m the  OSHA  or  ACGIH  chemical  lists  will  have  will  have  this  type  of  message  in  the 


Die  block. 


) - When  oS  chemical  data  has  1 


been  entered  or 

loaded,  click  this  button  to  add  the  chemical  to  the  product  The  data  entered  will  be 
checked  for  errors  and  added  to  the  model,  [fan  error  b found,  a warning  message 
wUlappearandiheetTorwillbelii^ilighted.  When  looking  for  a CAS  number,  the 
model  aulomalically  looks  for  the  modefs  information  font,  then  the  database  b 
checked.  When  the  user  artempla  to  add  the  chemical  to  a product,  if  the  CAS#  b 
found  in  both  the  model  and  the  database,  ihe  information  b screened  to  be  sure  the 
model  and  the  database  agree.  Iflhere  b a difference  inany  part  oflbe  chemical 
infomulion.  a special  form  will  appear  to  show  the  difference  and  allow  Ihe  user  lo 
update  the  database.  If  the  database  and  ihe  model  agree,  Ihb  special  form  will  not 

• JiiaOuh  - goes  hack  to  the  Task-Produci-Chemical  Form  with  no  changes 
Chemical  Search  Form 

Press  Ihe  CAS  Search  button  in  Ihe  Task-Produc|.ChemicBl  Form  of  Ihe  main 
form  to  getthe  Chemical  Search  Form  shown  in  figure  4-7.  If  only  a chemical  name  or 
pan  of  a name  is  known,  use  thb  search  form  lo  locale  a chemical  in  Ihe  database.  When 
Ihe  form  pops  up,  emer  any  pan  ofa  chemical  name  and  the  model  will  search  and  display 
all  chemkiib  that  matched  the  search  gfotase.  Use  the  'Wiew  AD"  button  lo  sec  a complete 
list  of  chemicab  in  the  database.  A star  (*)  before  the  name  indkaies  that  the  specific 
gravity  (Sgl  and  molecular  weight  (MW)  of  Ihe  chemical  are  avtulable.  MW  b required 
for  the  model  to  run  and  Sg  b preferred.  Select  a chemica]  doubleclicking  on  the 
chemkai.  The  Chemical  Search  Form  will  disappear  and  the  Chemical  Data  Form  will 


:lecied  product. 


The  buflding  input  fomi  shown  in  figure  4-8  will  appear  when  the  button  labeled 
building  form  is  clidied  bi  the  miin  form. 

• Uiths  - This  selection  toggles  between  Standard  Intemationnl  (SD  uniu  and  English 
units.  The  oiodel  always  adds  the  data  to  Excel  in  SI  unha  but  the  data  can  be  viewed 
or  input  in  English  if  tins  is  preferred. 


RiliUina  nimmskins  - Inpul  ihe  appropriate  height,  width  and  tenglhofihe  building 


or  booth  beii^  conaderctl  for  recirculalioa 


F%ur:4-8  Building  Input  Form 

• Velocity  tmtal  - Input  the  velocity  of  the  airflow  in  the  building  in  ftfoiin  or  rtt^sec.  At 
an  Air  Force  Base  Ihe  Bioenvironmenlal  Er^ineering  Office  can  he  consulted  for  this. 
There  are  regulations  for  many  workplaces  requiring  a certain  airflow  for  a particular 
type  ofworkplace. 

• Airflow  - In  most  cases,  the  airflow  direction  is  horizontal  (towards  a wall)  but  some 
buildings  are  designed  so  that  the  airflow  is  vertical  (toward  the  floor).  The  airflow 
direction  is  important  for  determining  tJte  total  flow  rate  (mVmm).  which  is  the  cross 
sectional  area  perpendicular  to  Ihe  airflow  (m^)  liines  the  velocity  (tn'mhi).  Therefore. 
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Ihe  crass  seclionsl  orea  is  based  on  which  way  the  air  flows.  If  the  air  flows  toward 
the  wall,  the  cross  sectional  area  is  the  area  of  Ihe  wall  (width  * height).  If  Ihe  air 
flows  toward  the  floor,  the  cross  sectional  area  is  ihe  area  oftbe  floor  (width* 
length).  The  fonnulas  for  Ihe  total  flow  rales  (l},|  are  as  follows: 

If  air  flows  to  wall.  Qi  = velocity  • width  ■ height 
Ifair  flows  to  floor.  (}, » velocKy  • width  * length 

the  total  flow  rale  of  Ihe  building  based  oo  the  other  inputs. 

Economic  InoinsFonn 

The  economic  input  form  shown  in  flgure  4-9  will  apgiear  when  Ibe  button  labeled 
Economic  Form  is  clicked  in  the  main  form. 


Natural  das  - IqHil  Ihe  cost  of  naiiual  gas.  The  cost  of  natural  gas  has  a great  deal  of 
influence  in  the  economic  modeling  seclioii  because  all  Ihe  thermal  control  de\^ 
which  basically  bum  the  VOCs  assume  Ihe  use  of  natural  gas.  UnitsBre  in  S/IOOO  ft’ 
of  natural  gas. 

Elegtriciiv  - Input  the  cost  of  eleclriciiy  for  the  building  in  question.  Unhs  are  in 
Sflcifowali-hour. 

Steam  - Cost  of  steam  per  1000  gallon  of  water  is  needed  for  the  carbon  adsorption 
device  to  regenerate  the  carbon.  This  does  rK>l  have  a signifleant  influence  on  the 
model.  Default  is  S6.00/1 000  gal. 


I carton.  Defoult  is  S2.(X)/Ib. 
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Rgure  4-9  Economic  Form 


l‘Pasa  Filler  - Inpul  the  filler  efficiency  for  Che  filters  thai  will  be  used  io  Che 
recirculalion  system.  The  filler  efficiency  has  a significenl  inJluence  on  patticulaie 


with  filtration.  As  the  air  passes  the  filters,  the  solid  concenlrotion  in  the  air  is  reduced 
in  proportion  to  the  fibers  efiickncy  rating.  Particle  size  is  not  a consideration  to  the 
model  nor  are  changes  in  efficiency  due  to  particles  ‘'caking"  on  the  filter  {assutmng 
airflow  remains  the  same,  a filter  will  often  become  more  efficiem  as  particulates  build- 


I the  surface  ).  The  model  will  simply  muhiply  the  i 


76 

ihe  filler  efficieiicy  (I  -FE)  lo  calculaie  ihe  frnctioD  of  particiilHie  ihai  passes  ihe  fiher. 
If  100ir*/m‘  of  aluminum  is  Boneraled,  and  Ihe  filler  efficiency  is  95%.  then.  5%  or  5 
mg/m^  ofalizminumwill  be  rechculaled  back  into  the  building.  100%  of  the  liquid 
fraction  is  assuixied  to  pass  the  fillers. 

i**  * I**  Pag  Fihers  - If  a second  or  third  series  of  filters  is  used  then  enter  the 

efficiency  of  each.  Sometimes  a pre-filter  is  used  over  a main  fiher  or  a series  of  fihers 
is  used  for  added  efficiency.  The  model  will  multiply  Ihe  efficiencies  together  lo  gel 
Ihe  overall  efficiency  of  a series  of  fihers.  For  example,  if  two  filters  each  have  an 
efficiency  of  95%.  then  (l-.95)*(l-.95)  = 0.25%  will  get  through  the  fillers.  If  Ihe 
overall  efficiencyofthefiherserles  is  already  known,  input  the  total  efficiency  under 
I 'Pass  fiher  efficiency  and  leave  the  others  blank. 

Time/shifl  - Inmit  (he  lenelhof  the  shift  lime  (rviMcaUv  g-hours).  Themodeldoes 
NOT  adjust  the  OELs  for  shift  time.  OELs  arc  based  on  an  8-bour  day  and  must  be 
adjusted  if  the  shift  length  is  longer.  The  shift  time  is  used  to  calculate  the  average 
exposure  concentration  over  the  length  of  shift.  Ifa  product  is  generating  a chemical 
concentration  of  say  100  mg/m'  for  two  hours  and  nothing  for  the  remainder  of  the 
day.  the  TWA  in  an  8-hour  shift  ia  about  25  mg/m‘.  Ifthediifl  lime  was  lO-hours.  the 
TWA  is  20  mg/m'.  All  OELs  are  besed  on  an  8-bour  shift  so  the  DEL  must  be 
lovrered  for  a longer  shift  otherwise  the  exposure  is  under  represemed.  See  OSHA  or 
ACGIH  guidelines  for  directions  on  bow  to  adjust  OELs  for  shift  times  difierem  than 


speraiing  hours  refers  to  the  operation  tin 


recirculation  system  (hrslyr  - the  recirculalion  and  air  control  ^em  is  openttng).  It 
is  used  only  in  the  economic  portion  of  the  model 
Average  IndoorTemperature 

Input  the  average  temperature  of  the  building  in  Celsius  or  Fahrenheit  depending 
on  which  units  are  highlighted.  The  average  temperature  is  needed  for  the  economic 
section  of  the  model  but  its  impact  is  small. 

VAPCCl  Cost  Corrections 


The  air  control  portion  of  this  model  is  based  on  the  EPA  COST  AIR  model.  The 
COST  AIR  model  contains  an  index,  called  the  Valavuk  Air  Pollution  Control  Cbst  Index 
(VAPCQ).  Each  of  the  three  technologies  in  this  mode!  is  accompanied  by  a VAPCCl. 
whicb  is  an  inflaiionaty  index  published  quarterly  by  the  EPA  Office  of  Air  Quality 
Planning  and  Standards  (OAQPS)  Standards  Development  Branch.  The  index  is  intended 
to  adjust  for  inflation  specific  to  each  control  technology.  New  VAPCCl  numbers  can  be 
foimd  on  the  EPA  Internet  she  located  at  http://134.67.l04.12/htmPctcictcsfUum  or 


• Go  To;  www.epa.gov/itn. 

• Select  -Directory  oflTN  Sites". 

• Select  Control  Technology  Infbmtalion  “CTC", 

• Select  Downloading  CTC  Products  under  Documents/SaAvvare, 

• Select  ESCA-UP4X  for  latest  VAPCCl  indexes  (X  is  the  highest  A). 

Thedefeult  in  the  model  is  for  the  3"*  quarter  1996.  Inputnew 
for  Carbon  Adsorption.  RTO  and  Thermal  Incineration  if  desired. 


■ VAPCG  numbers 


: several  ouipuis 


! model.  The  outpul  form,  shown  in  figure  4-10, 


There  are 

is  inlended  to  help  organize  and  view  ihe  various  oulpuls.  This  form  appears  righi  after 
ihe  model  is  nm  or  if  Ibe  “Oulpur  Form"  bunon  in  Ihe  Task-Producl-Cbemical  Form  is 
clicked.  On  Ihis  form,  several  outpul  seieelioiis  appear  in  the  box.  Click  on  any  selection 
and  the  corresponding  output  will  be  displayed.  While  this  Output  Form  is  active.  Ihe 
Excel  spreadsheets  can  be  viewed  but  Excel  will  not  be  functional  until  the  VBA  input 
forms  are  closed.  All  functions  in  Excel  such  as  priming  will  be  disabled  until  Ihe  VBA 
input  forms  are  closed. 


Figure  4-10  Outpul  Fo 


jfthis  for 


TIk  arrows  al  the  boiiom  o 
buhe  spreadsheels.  To  observe  1 


s outputs  change  lelative  to  cocircutation.  the 
vided  10  increase  or  decrease  the  Tecirculaiion 


level  by  berememsonOH.  A brief  description  of  each  output  is  listed  below  b the  order 
they  appear  on  the  foim. 

• TWA/OEL  Graph  - The  Time  Weighted  Average  (TWA)  Concemralion  divided  by 
either  the  OSHA  PEL  or  the  ACGIH  TLV  as  shown  b the  fcmutla  below.  The 

• TtV  TWA  Conceniraiion(nig/m3) 

' ■ TLVorPELdnghitJ) 


chemical  with  the  highest  relative  TWA  for  each  task  isdl^tayed  on  this  graph.  If  the 
relative  TWA  exceeds  1 .0.  then  the  chemical's  predicted  concentration  is  over  the 
OSHA  PEL  or  ACGIH  TLV.  It  is  possible  that  another  chemical  is  over  the  OEt.  but 
not  be  displayed  on  this  graph,  because  only  the  hi^a  relative  TWA  b the  task  is 
dbplayed.  Tasks  that  have  chemicals  without  an  OSHA  or  ACGIH  DEL  are  not 
plotted  on  this  graph.  This  graph  Is  cleared  each  time  VBA  foims  is  loaded.  The 
model  mua  be  run  agab  tn  re-created  (his  graph. 

TWA/OEL  Data  - This  is  a more  detailed  spreadshcel  for  all  rehtive  TWA  ratios. 
This  spreadsheet  lists  all  tasks,  products  and  chemicals  so  (hat  the  user  can  see  which 
products  ore  major  betors  inkling  occupational  health.  The  recircubtbn  level  can 
be  changed  with  the  atrows  at  the  bottom  ofthe  output  form  and  this  spreadsheet  will 
automatically  be  updated.  This  spreadsheet  is  cleared  wbeo  VBA  fomts  is  loaded. 


go 


JWA  m - This  spreadsheet  provides  the  actual  TWA  concctunuion  in  mg/m’ 
for  each  cbemicn]  in  each  product-  The  recirculation  level  enn  be  changed  with  the 
arrows  at  the  bouom  of  the  output  form  and  this  ^rend^et  will  autoiraticady  he 
updated.  This  spread-sheet  is  cleared  when  VBA  forms  is  active. 

MAX/OEL  Granh  - Same  as  the  relative  TWA  graph  above  encept  this  graph  displays 
the  ma-ximum  concemration  divided  by  cither  the  STEL  or  the  ceiling  as  shown  below. 
irOSHAandACGIH  were  selected,  the  most  conservaiive  STEL  or  ceiling  b applied. 
Thb  graph  is  clcaied  when  VBA  forms  b loaded. 


Relative  Maxis 


Max  Concentration  (mg/m3) 
STELorCeiling(nig/m3) 


MAX/OEL  Data  - This  b a detailed  spreadsheet  for  relative  maximum  ratios.  Thb 
qrreadsheet  Ibis  the  relative  tnaximuin  concentrations  for  all  tasks,  products  and 
chemicab  so  that  the  user  can  see  which  tasks  and  chexnicab  are  major  lactors 
impacting  occupational  health.  The  recirculation  level  can  be  changed  with  the  arrows 
at  the  bottom  ofthe  output  form  and  thb  spreadsheet  b automatically  updated.  Thb 
spreadsheet  b cleared  when  VBA  forms  b loaded. 

MAXinma/in3  - Thb  spreadsheet  provides  the  maximum  steady  state  concentration 
in  mg/m^  for  each  chemical  in  each  product  without  the  STEL  or  ceiling  involved. 

The  recircublion  level  can  be  changed  with  the  arrows  at  the  bonom  of  the  output 
form  artd  thb  spread^teet  will  automat icaJly  be  updated. 

TWA  & Max  Omph  rtaTf*  - Thb  b a summary  spreadsheet  of  both  the  MAX/OEL  aid 


TWA/OEL  ratios  recirculation.  Only  the  hi^iest  relative  TWA  i 


riBjdnmm  in  each  task  is  listed  here.  The  dais  in  this  chart  is  used  to  plot  the  relative 
maximum  and  relative  TWA  graphs.  The  information  in  this  spreadsheet  is  cleared 
when  VBA  forms  is  loaded. 

TWA  A Max  Ta.il»  Sums  - This  spreadsheet  displays  the  TWA  and  Maximum  ratios 
for  every  chemical  by  task.  It  is  different  from  the  Max/OEL  data  and  the  TWA/OEL 
data  tecaiise  H does  not  show  each  product.  This  spreadsheet  totals  the  products  and 
disptays  the  sum  coneeniralions  by  chemical  within  each  tn.sk.  The  recirculation  level 
con  be  choired  with  the  arrows  at  the  bottom  of  the  output  form  and  this  spreadsheet 
will  automatically  update.  This  ^rreadsheet  is  cleared  when  VBA  forms  is  loaded. 
TnoerhernhyTask  - This  spreadsheet  contains  graphs  of  the  relative  TWA  and 
Maximumconcenlrationsforlliehighestfaurchemiciilwilhinaselectedlask.  it 
allows  the  user  to  select  a task  and  the  four  chemicals  with  the  highest  relative 
concenlialioiis  are  planed.  Because  the  previous  graphs  only  ^ve  the  highest  relntive 
chemical  concenttstions  for  each  task,  other  chemiuils  that  may  be  of  concern  could 
be  hidden  from  view  undemesth  the  highest  chemical.  This  graph  is  intended  to  give 
the  user  a way  to  view  the  top  four  chemicals  so  that  other  significam  chemicals  are 
not  ignored.  To  use  this  sheet,  the  model  must  first  be  run.  Then,  when  the  Outputs 
form  uppears.  select  "To  Excel  (Keep  Outputs)."  Select  the  spreadsheet  named  'Top 
4 Chem"  and  press  the  "Change  Task  From  >'  button  to  select  a task  to  be  cvnluated. 
A macro  in  Excel  will  collect  the  data  and  graph  the  resuhs  automatically. 

At  different  levels  of  recheuiation.  chemicals  may  switch  rankings.  For 
example,  the  hifdiest  chemical  at  30%  rcciroulation  may  be  the  second  highest 
chemical  at  40%  recirculation.  The  spreadsheet  will  show  which  chemical  is  at  each 


vitching.  The  graphs  plot  the  highest 


chemical  foUovred  by  the  second  hi^sl  etc.  but  the  graph  will  not  indicate  if  there  is  a 
chemical  switch.  The  user  must  check  the  raw  data  next  to  the  graphs  to  delect  a 
chemical  switch. 

FireiEirolosion  - This  chan  is  to  gain  an  understanding  for  the  potential  of  a fire  or 
eiqtiosion  hazard.  As  recirculation  increases  and  indoor  air  concentrations  increase, 
the  concern  over  fire  hazard  increases.  This  chan  plots  the  sum  of  the  ntaximum 
concemrniioRS  of  all  chemicals  in  each  task.  Many  chemicals  have  a lower  explosive 
limit  (LEU  of  1%  (or  10.000  ppm)  or  higher.  The  LEL  is  the  lowest  concentration  of 
vapour  in  air  which  will  bum  or  explode  upon  contact  with  o source  of  Ignition.  An 
LELof  IH  Is  assumed  for  all  chemicals  in  this  evaluation.  OSHA  requires  that  indoor 
coDcenlrations  remain  below  2S%orthe  LEL  (25%  * 1 0.000  ppm  = 2.500  ^|.  It  is 
often  recommended  that  10%  of  the  LEL  (10%  ” 10.000  ppm  - 1.000  ppm)  be  used. 
Many  LEL  moniloia  are  programmed  to  set  ofi'an  alarm  if  10%  of  the  LEL  is 
exceeded.  Therefore,  in  interpreting  this  chan,  (he  user  should  keep  (he  sum  ofthe 
maximum  concentrations  of  the  chemicois  in  each  task  below  1. 000  ppm. 

To  be  sure  all  products  are  accounted  for  in  the  fire  hazard  analysis,  an 
odjusimeni  is  made  to  products  that  ore  ponially  loaded.  For  example,  if  the  user 
emers  only  50%  of  the  chemical  breakdown  for  a product,  then  the  products  maximum 
concentration  is  rmihiplied  by  2.0  to  adjust  for  the  missing  50%.  This  adjustment 
insures  that  the  fire  hazard  is  not  underestimated  due  to  incomplete  knowledge  ofthe 
product’s  make-up. 
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For  this  Bre  analysis.  i(  is  imponam  lo  recall  ihe  lusuir^iion  that  the  chemical 
concentrations  are  evenly  distributed  in  Ihe  buildine  (see  Assumptions  - Chapter  3). 

In  reality,  localized  "hot  spots"  are  common  particularly  near  the  emission  source. 

This  is  when  concentrations  build-up  in  one  area  oF  the  building  more  than  another 
area.  This  means  that  even  though  this  chart  indicates  Ihe  LEL  is  not  exceeded  based 
on  even  distribution  of  Ihe  concentrations,  the  LEL  may  be  escecded  in  the  hot  ^ts. 
It  is  for  this  reason  that  Ihis  chart  is  not  intended  to  subsihule  for  a properly  delailed 
Ore  hazard  evaluation  where  potential  hot  spots  taken  into  account.  This  chart  is 
intended  as  a way  to  better  understand  how  recirculation  influences  the  probabilhy  of  a 
fire  or  explosive  hazard. 

Cost  10  Yr  Cum -This  is  a graph  of  the  cumulative  cost  over  a 10-year  period  for  the 
cost  of  controlling  VOC  emissions.  The  first  year  is  usually  the  highest  due  to  the 
capital  cost  oflhe  equ^tmenl.  The  increases  in  subsequent  years  is  due  to  the  animal 
operating  cost  of  the  system.  It  is  assumed  that  the  equipment  has  a 10-year  life  cycle. 
Generally,  thermal  incineration  is  mote  expensive  in  fuel  consun^ion  but  the  capital 
costs  can  be  less  while  the  Regenerative  Thermal  Oxidizer  (RTO)  is  more  efficieni  in 
fuel  consun^ion  but  the  start-up  costs  are  higher.  A Carbon  Adsorption 
Concentrator  used  with  RTO  uses  Ibe  carbon  to  adsorb  the  VOCs  nod  concentrate  the 
pollutants  going  to  Ibe  RTO.  The  carbon  adsorber  with  RTO  can  costs  more  up  Gonl. 
but  the  RTO  can  efficiently  bum  Ihe  more  concentrated  VOCs.  In  some  co.ses,  carbon 
adsorption  vvith  RTO  can  achieve  a self-sustaining  bum.  which  does  not  require 
auxiliary  fuel  The  lowest  line  (usually  Cafoon  whh  RTO)  on  this  graph  represents  the 
therefore  the  best  option.  The  rcciiculallon  level  can  be  changed  with 


lowest  cost  and  I 
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ihe  arrows  at  i}ie  tettomoftbe  oiflpui  ronii  and  this  graph  is  auiomaiicall}'  update. 

As  the  recircublion  level  increases.  Ihe  exhaust  airflow  and  Ihe  cost  oflreaunenl  are 

rod  Anmuili7ad  - This  is  an  annualized  cost  graph  at  various  levels  of  recirculation. 
The  cost  represents  level  payments  over  10  years  (not  aciiinl  cash  flows).  This  allows 
Ihe  user  to  compare  the  average  cost  al  various  recirculation  levels.  If  any  cost 
parameters  are  altered,  this  graph  must  be  updated  by  clicking  the  'Press  Here  To 
Update  this  Chan"  button  in  Ihe  lop  comer  of  this  graph. 

VOC  Outwit  hv  T.al;  - This  is  a pie  graph  representing  Ihe  total  annual  pounds  of 
VOCs  output  by  task.  This  graph  is  intended  to  give  the  user  a breakdown  of  Ihe 

Hnura/Vr  hv  Task  - This  is  a pie  graph  representing  the  amount  of  lime  ^lenl  at  each 
task  annually.  This  can  help  when  deciding  bow  to  control  workers'  etqxisure. 

Inputs  - Product  A Chem  - This  sheet  is  the  main  input  sheet  where  all  tasks, 
products  and  chemical  inputs  are  stored.  The  general  structure  of  this  sheet  is  that  all 
tasks  and  products  are  entered  into  tows  with  the  Brsi  26  columns  beh%  used  for 
product  or  task  attributes.  The  columns  conlam  chemicals  that  make  up  the  products 
and  the  firs  34  rows  contain  chemical  specific  data.  When  a number  is  entered  inlo 
the  matrix,  Ihe  model  recognizes  that  the  product  in  that  row  conloms  (he  chemical  in 
that  cohimn.  The  number  indicates  the  percentage  of  the  diemieal  (in  column)  for  that 
product  (in  row).  An  example  of  the  spreadsheet  layout  is  shown  in  table  4-4. 


Table  4>4  Spreadsheet  Layout 


This  shed  is  protected  when  the  user  enters  Excel  because  the  model  uses  many  pre- 
named  cells  that,  if  altered,  would  corrupt  the  mudeL  This  sheet  becomes  tinproiected 
when  the  VBA  input  Ibrms  are  loaded  so  that  new  entries  can  he  made. 

' Inputs  - General  - This  spreadsheet  has  miscellaneous  inputs  such  as  building 

dimensions,  velocity,  airflow,  etc.  It  is  protected  when  Excel  is  active  and  unprotected 
when  the  VBA  input  forms  are  loaded. 

Inputs  - Control  Costs  - This  spreadsheet  contains  the  EPA  models  of  the  three 
dlAercni  treatment  options.  It  computes  the  cost  oftreaiment  for  VOCs  and  provides 
the  data  for  the  cost  graphs. 

The  output  form  is  closed  artd  the  outputs  in  spreadsheets  are  cleared.  There  b a 
^ghl  hesiialion  when  thb  seicnion  b made  because  the  output  ^treadsheets  are 

To  Excel  (Keens  Oulnuisl  - Closes  the  VBA  fbrnis  and  goes  directly  lo  Excel  Tlus 
option  will  keep  oil  outputs  so  the  user  can  view  the  data  while  in  Excel.  To  gel  back 
to  VBA  input  forms  click  on  the  "Back  to  Visual  Basic  Forms  >■  found  on  the  top  of 
nearly  every  spread^ieet  in  Excel  The  user  should  always  save  while  in  VBA  input 


forms  (not  in  Excel)  and  make  a back  up  copy  of  the  i 


model  in  case  an  inadvertent 

eiUry  is  made  that  prevents  the  model  from  running. 

• Recirc  Level  - Below  the  output  selections  in  the  Output  form  is  a box  labeled  "Recite 
Level."  By  clicking  the  arrows  next  to  h,  the  user  can  increase  or  decrease  the 
recirculation  level  in  the  model  The  graphs  or  sheets  that  are  sensitive  to  recirculation 
wai  then  change  to  provide  Teedback  on  the  effect  ofrecirculaiion  to  the  various 

• Moving  - Because  Excel  functions  are  disabled  when  VBA  input  forms  are  loaded  and 
some  of  the  spreadsheets  can  be  quite  large,  the  arrows  are  provided  to  allow 
movement  in  the  Excel  rpreatLshetis  from  the  Output  form.  The  arrows  do  not  appear 
if  a graph  has  been  selected  because  cursor  movement  is  not  necessary.  The  user  can 
adjust  the  speed  of  the  movements  in  Excel  from  slow  (one  cell  at  a lime)  to  fosKlO 
cells  at  a lime).  At  times  it  appear  that  the  cursor  is  not  moving.  Thai  is  because 
there  are  some  unnecessary  rows  and  columns  that  are  hidden.  The  arrows  allow  the 
user  to  move  by  increments  so  iflhereisa  large  section  of  rows  or  columns  that  are 
hidden,  the  movements  occur  wiibin  the  hidden  cells.  This  makes  it  appear  that  the 
cursor  is  not  movii^  until  the  cursor  moves  out  of  the  hidden  cells. 

Program  Errors 

Ifan  error  is  encountered  while  llie  VBA  input  forms  arc  nuining.  the  program  will 
likely  open  the  Visual  Baaic  Debugger  which  will  highlight  tJie  areaofthe  code  that  the 
error  has  occurred.  A popup  menu  will  appear  with  the  selections  END  or  DEBUG.  At 
this  point  )iil  END,  which  closes 


i the  Visual  Basic  Debugger.  After  END  ia  selected,  the 
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VsusI  Bssic  Debugger  may  still  be  shomng.  To  put  the  Excel  model  back  on  top.  just 
select  the  Excel  file  on  the  Slut  Bu.  ItDEBUC  is  selected,  the  program  will  allow  the 
user  to  alter  the  code  and  this  is  NOT  recommended.  The  code  is  quite  complex  and  a 
small  change  can  disable  the  model.  Ifthebug  is  believed  to  have  occurred  due  to 
sometteig  recently  entered,  close  the  model  WITHOUT  saving  the  model  This  may 
prevent  a persistent  problem  that  may  be  difBcull  to  find.  Otherwise,  save  the  model  in 
VBA  (use  a difierenl  file  name  in  case  the  problem  persists)  and  close  the  model  Restart 
the  model  by  opening  up  the  Excel  file  as  usual  and  continue,  [fthe  problem  pendsts.  the 
file  may  have  been  corrupted  and  it  is  necessary  to  restart  with  a backup  copy.  Always 
make  backup  copies  of  the  model  under  difierenl  names  becau.se  any  file  can  become 
corrupted  and  not  much  can  be  done  beyond  that  point. 


CHAPTERS 

CASE  STUDY;  HILL  AFB  PAINTING  OPERATIONS 


This  chapler  will  detail  the  C-130  Painting  Process  al  Hill  AFB  and  discuss  each 
step  in  the  process.  A site  visit  was  performed  on  June  8-13,  1997,  and  much  of  the 
information  reported  in  this  chapter  was  gathered  from  this  site  visit.  The  primary  sources 
ofinformalion  were  through  document  review  al  the  painting  &cility  and  at  the  Hill  AFB 
BioenvirontnentaJ  Ei*ineering  Office.  The  various  lad;s  were  observed  and  imerviews 
were  conducted  with  the  assistant  shop  supervisor,^  various  painters  and  Enviroranenlal 


Hill  AFB 

Hill  AFB  located  in  Sah  Lake  City,  UT,  is  the  host  base  for  the  Ogden  Air  Force 
Logistics  Centers  { ALC).  The  Ogden  ALC  is  one  of  five  major  ALCs  in  the  Air  Force. 
They  perform  maintenance,  repairs  and  logistics  management  on  the  C-130  Hercules,  the 
F-16  Falcon,  F-18,  F-4,  and  all  strategic  inlerconlinemal  ballistic  missiles.  In  I99S,  alolal 
ofapproximately  22,000  were  employed  at  Hill  AFB  mchidmg  4,400  mOitaiy.  9.400 
govemmem  employees.  Contnciors  and  reservists  make  up  the  remainder.  Hill  AFB  has 
aSI  J billion  budget  with  1,473  buildings  and  has  one  of  the  single  busiest  runways  in  the 


3 Assistant  Shop  Supervisor  was  Mr  Brent  Campbell 


^ir  Force.  Hill  AFB  is  also  is  considered  i 


Davis  County,  which  is  a non-atlainmenl  area  for  oaone  (Parsons.  1995). 

Backaroiind  - C- 1 30  Painting 

There  is  a total  of  684  C-1 30  aiiciafl  in  the  Air  Force  inventory  as  of  May  1996 
located  throughout  the  world.  Every  C-l  30  requires  a complete  overhaul  including 
painting  every  66  months  (S.S  years).  If  evenly  distribuled,  1 24  Air  Force  aircraA  per  year 
needtobeservicediioiinchidingNsvyC-130a.  Hill  AFB  paints  SO  aircraft  annually.  The 
Hill  AFB  painting  process  lakes  place  in  a large  paint  booth  located  inside  building  270. 
Ihere  are  ten  people  assigned  per  shift  with  three  8-hour  shifts  working  around  the  clock. 
Tliey  operate  five  days  a week  but  they  often  work  overtime  on  Saturdays  and  sometimes 
Sundays  to  complete  approximately  SO  C-l  30s  per  year.  It  takes  ftve  to  six  days  to  paint 
an  Air  Force  C-I30  nnd  eight  to  nine  days  to  complete  a Navy  C-130. 

How  Tasks  Are  Determined 

The  C-130  painting  process  is  ftowchaned  to  help  deleimine  individual  la^.  If 
the  tasks  arc  substantially  difierenl.  such  as  differences  in  at^liuation  rales  or  diflereaces 
in  the  types  of  products  used,  a unique  task  is  created.  For  example,  an  aircraft  that 
arrives  at  building  270  cun  cither  be  pointed  or  stripped  down  to  the  bare  metah  Each 
aircraft  is  allowed  to  have  only  two  coals  of  paint  before  they  have  to  be  stripped  down. 
Therefore,  ofthe  SO  planes,  an  average  of  25  will  be  pointed  and  25  will  be  strqiped 
down.  During  the  alodine  task  (a  metal  pretreatmeni)  the  same  alodine  solution  is  used 
for  all  planes.  However,  a stripped  aircisfl  requites  80  gallons  and  a pointed  aircraft 
requires  about  four  gallons.  There  is  also  a difference  in  the  amount  of  tiros  it  takes  to 
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alodine  a stripped  aircraA  versus  & painted  nircraO.  Tiiese  difTerences  create  the  need  to 
separateUiealodinelask  ftrastrippedoircrafl  versusapainted  aircnfl.  Thediftmnt 
application  rates  will  yield  different  air  coiicemrations  (BatteUc,  1995;  Parsons,  1995). 

Also,  ofthe  50  C-130S  serviced  per  year  optwoximotely  Ware  Air  Force  and  10 
ate  Navy  planes.  Of  the  40  Air  Force  planes,  about  four  per  year  require  a green 
camounage  finish,  while  the  remaining  36  require  a gray  polyurelhaiie  finish.  The  Air 
Force  gray.  Air  Force  camouflage  and  Navy  planes  each  require  different  paint  products. 
Table  S-I  shows  (be  breakdown  ofthe  17  major  (asks  identified  and  the  six  different  types 
orC-l30aircrafi  typically  painted  by  theHDI  AFB  fecility.  The  numbers  in  the  table 
correspond  to  the  number  of  times  each  task  is  performed  per  year.  The  totals  arc  added 


There  are  1 7 major  tasks  involving  products  containing  chemicals  that  will  be 
evaluated  with  respect  to  recirculation.  There  arc  olher  ULsks  such  as  taping,  cleanup  and 
general  preparations  that  will  not  be  evaluated  because  they  do  not  involve  hazardous 
chemicals.  However,  scuff  sanding  occurs  with  orbital  sanders  on  a painted  aircrafi  to 
rough  the  surface  for  painlir^.  Ahbough  a chemical  product  is  not  added  to  this  task, 
there  can  be  significant  exposures  to  hazardous  metal  dust  from  the  sanding  operation 
(eadndunt  from  boHs  and  chromium  fiom  old  primer  paints).  The  mathematical  nature  of 
this  model  coo  not  account  fist  such  tasks  and  air  sampling  is  the  only  way  to  determine 


. fiom  task  that  i 


) breakdov 
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is  flowcharted  in  figure  5-1  in  the  order  in  which  they  are  performed.  A description  of 
each  task  is  also  provided  and  a list  of  products  used  in  each  task  follows  the  descriptiocs. 


1 . Wash  - The  wash  task  is  the  first  step  performed  on  every  oircrafi.  A imxture  of  soap 
and  water  is  sprayed  onto  the  aircrafl  and  then  hand  waited  whh  brushes.  The  aircrafl 
is  then  rinsed  with  water.  It  takes  ten  people  about  four  hours  to  accomplish  this  task 
using  1 2.5  to  2S  gallons  of  soap. 

2.  Brightener  - The  Brightener  ta.sk  is  an  acid  application  performed  on  stripped  aircrafl 
to  remove  any  oxidation  that  has  occurred  on  the  metal.  A 1:1  part  mixture  of  water 


FigureS-I  C-I30PBinling  ProcessFkiwchan 
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awl  Brighiener  is  spmyed  onto  the  sircraft  and  t}i«i  scrubbed  to  remove  oxidaiion. 

The  aircraft  is  ihen  rinsed  off  and  the  wasie  flows  down  an  industrial  sewer  for 
treaimenl.  Il  lakes  len  people  Ihree  lo  four  hours  to  accomplish  and  about  SO  gallons 
of  the  mixture  is  used  per  aircraft. 

3.  Etuyme  - The  En^me  task  is  a tieaunenl  for  an  aircraft  with  a previotis  coot  of  paim. 
After  the  surface  of  ibe  paint  has  been  scuff  sanded  with  orbital  sanders.  a water-based 
enzyme  sohilion  is  used  to  partially  digest  the  paint  surfoce.  Five  gallons  of  enzyme  is 
added  lo  45  gallons  of  water  and  the  mixtuie  is  sprayed  on  and  then  scrubbed  for  even 
distribution.  The  aircraft  is  then  rinsed  off  and  rinsate  flows  down  an  industrial  sewer 
for  treaimenl.  It  takes  ten  people  about  two  hours  to  accomplish  this  ta^. 

4.  Alodine  Snip  - Aloduie  is  a metal  pretreaunem  conlainir^  chromates,  which  bonds 
with  the  aluminum  surface  and  facilhales  proper  adherence  between  the  metal  and  the 
primer  poinl.  If  alodine  is  not  applied  lo  all  metal  parts,  the  paint  will  not  adhere 
properly.  A slight  color  change  can  be  seen  on  melai  treated  with  alodine  indicatmg  a 
proper  applkalkm.  The  alodine  is  sprayed  on.  allowed  to  sil  for  a few  minuies  and  the 
excess  is  then  rinsed  off  with  water.  The  Alodine  Ta^  on  a stripped  aircraft  requires 
80  to  100  gallons  of  alodine  and  takes  ten  people  three  hours  lo  accomplish. 

5.  Alodine  Palmed  - The  same  process  and  product  is  used  here  as  for  Alodine  on  a 
stripped  aircraft  only  for  less  alodine  is  used.  It  lakes  about  one  hour  and  only  four  to 
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five  gaJlons  is  needed  to  touch  up  areas  where  bare  metal  is  exposed  from  scuff 

MEK  Wash  - The  final  preparation  tefbre  pointing  is  a wadi  down  using  erther  MEK 
or  0 Itl  mix  ofMEK  and  Toluene.  If  pure  MEK  evaporates  too  qukkJy  due  to 
environmental  coodliions,  toluene,  which  has  a much  slower  evaporation  rate  is  mixed 
in  (1:1  ratio)  to  slow  down  the  evaporalioa  The  solvent  solution  is  iqiplied  primarily 
on  the  engines  and  belly  of  the  aircraft.  The  engines  fiequenlly  leak  hydraulic  oil  and 
this  solvent  wash  down  is  used  to  dean  these  surJuces  prior  to  painting.  This  task  is 
performed  on  all  aiiciaf).  ft  takes  about  one  hour  and  five  to  six  gallons  of  either 

AF  Sealer  - The  Sealer  tasks  are  performed  on  a strqrped  aircraft  only  to  restore  the 
anti-slip  walkwayson  the  topoflhe  wings  and  fuselage.  These  are  areas dedgnded 
for  aircrew  to  walk  on  so  they  require  special  treatment.  The  areas  ate  primed  and 
painled  using  rollers.  The  Sealer  Congxiunds  ue  diluted  with  MEK  and  toluene  to 
thin  the  mbaure.  The  entire  task  lakes  four  to  five  people  about  nine  hours  to 
conqtlele  but  some  products  listed  below  are  applied  at  overbpping  times  and  the 
limes  aie  lebtive  to  the  application  rale  of  that  particular  product. 

Navy  Sealer  - The  Navy  Sealer  Is  siniibr  to  (be  Air  Force  Sealer  except  difTcfenl 
products  and  quantities  are  used. 
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9.  AF  Prime  (S)  - A(  this  point,  the  eircniA  has  been  prepared,  masked  and  is  ready  for  a 
coal  orprimer  paint.  The  (S)  indicalesa  stripped  aircraft-  The  primer  contains 
chromate  that  will  help  adhere  the  polyurethane  topcoat  to  the  ahiminuiti  surfoce. 
Several  paints  contain  two  pans,  an  activator  and  a base,  which  must  be  mixed  in  a 
separate  mixing  room  before  application.  The  ratio  for  the  Air  Force  primer  paint  is  a 
ItSraiiooraclivalor  to  lose  (most  others  are  1:3).  The  paint  is  then  loaded  into  5- 
gailon  pressure  pots.  There  is  typically  a mixer,  four  painters  and  four  hose-pullers, 
which  help  manipulate  the  hoses  for  Ihe  painters.  The  paint  is  sprayed  on.  Various  Ufl 

aircraft.  It  lakes  four  to  five  hours  and  20  to  25  gallons  to  con^leie  an  aircraft.  When 
the  job  is  finished,  leftover  paint  is  poured  into  a storage  drum  for  bier  disposal.  Each 
pot  is  then  cleaned  wth  either  one  to  two  gallons  of  polyurethane  thinner  or  MEK  for 
the  next  appUcation.  The  aircraft  b tacky  after  two  hours  but  b allowed  to  dry  for 
eight  to  ten  hours  depending  on  environmental  condhions  before  the  topcoat  b applied 
(the  booth  gets  colder  in  wimer  which  slows  the  drying  process).  Note:  Ifapnimhas 

b adjusted  with  respect  to  the  total  amount  used.  20  gallons  at  1 :8  b 22  gallons 
activator  and  17.8  gallons  base) 

10.  AF  Frime  (P)  - Similar  to  Air  Force  Priming  on  a stripped  aircraft  except  (P)  indtcales 
an  aircraft  with  paim  left  on.  Different  products  and  application  tales  are  used  on  a 
stripped  aircraft  versus  a painted  aircraft  (see  appendbc  A for  a list  of  products  used). 
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11.  Nuv>'PniDe  - Similar  lo  Air  Force  Priming  on  a stripped  bui  dilferenl  produclsond 
applicalion  rales  are  used  (see  appendix  A for  a list  orpmdiicts  used). 

12.  AF-Poly  (Gray) -The  gray  polyurelhaneiopcoal  islhemori  commonly  required  paini 
scbeine.  however.  Ihis  can  change  based  on  needs.  During  Operaiion  Dessen  Storm 
several  were  convened  to  a desert  camounagc  paint  scheme.  Also,  some  reserve 
planes  are  painted  with  forest  green  camouflage.  As  vrith  the  primer  points,  the  palm 
is  mixed  (1:3  mtio),  loaded  inro  pressure  pots,  and  lour  painters  spray  the  paint  onto 
Iheaircmfl.  Leftover  paint  is  poured  inio  a waste  drum,  it  takes  40-43  gallons  of 
polyurethane  to  cover  the  aircraA  and  the  entire  task  takes  eight  hours  including 
preparations  and  cleanup.  Ihe  paint  is  allowed  to  set  for  eight  to  ten  hours. 

13.  AF-Poly  (Canto) -Only  four  out  of  SO  aircraA  were  painted  with  a camouflage 
scheme  in  1993.  A gray  cost  is  first  applied  on  Ihe  entire  aircraA  and  allowed  to  dry 
for  eight  to  ten  hours.  Then  decals  are  used  to  help  painters  apply  and  blend  two 
shades  of  green  in  certain  areas.  The  gray  application  lakes  six  hours  with  four 
pointers  and  each  applicalion  of  giacn  lakes  four  to  five  hams  with  Iwo  painters. 

14.  Navy-Poly  - Ten  planes  out  of  SO  were  Navy  planes  in  1 995.  The  Navy  has  only  one 
paim  scheme  for  afl  planes  and  it  emails  Ihrcc  difierent  shades  of  gray  (light,  medium, 
dark).  The  light  gray  is  painted  on  the  emire  aircraA  using  40-43  gaUons  and  takes 
about  four  hours.  Then  20  gallons  of  medium  gray  is  painted  on  the  sides  of  the 
aircraA  and  another  20  gallons  of  dark  is  palmed  on  the  lop  of  Ibe  aircraA.  Three  to 


four  hours  of  drying  time  is  needed  in  between  each  applicaiion  and  paiming  lakes  four 
hours  wilh  three  painters. 


15.  AF-SteneiJ-in  the  Air  Force  stenciling  task,  conpuier  generated  templates  are  placed 
on  the  plane.  This  takes  ten  people  about  eight  hours  to  complete.  Then  all  painters 
use  a flat  block  paint  to  cover  each  template.  The  entire  task  takes  three  or  four,  eight 
hour  shifls.  Rou^ily  one  to  apply  terr^laies,  another  shift  to  paint  and  another  to 
peel  off  ihe  lemplaies.  Small  eight-ounce  paint  guns  ore  ased  to  apply  n total  of  only 
four  to  live  gallons  of  paint.  Although  stenciling  a camouflaged  aircraft  takes  a little 
less  time  (two  to  three  shifts),  stenciling  a gray  aircraft  versus  a camouflaged  aircraft 
were  delcrmined  to  be  similar  enough  to  keep  Just  orte  Air  Force  stencUing  task. 

16.  Navy  -Stencil  - The  Navy  stencUing  task  takes  substantially  more  time  (nine  shifts  or 
72  hours)  due  to  the  lact  that  there  are  over  1000  individual  templales  used  (versus 
300  on  an  Air  Force  plane).  The  same  three  types  of  gray  potyureihane  paints  used  in 
the  topcoat  are  also  used  in  the  stenciling  but  different  shades  ore  used  on  rtifferent 
background  surfoces  (dark  on  medium,  medium  on  dark  and  light  on  medium).  Black 
and  silver  are  also  used  in  some  locations  and  the  propeller  tips  are  painted  wilh  red 


1 7.  Soil  Barrier  - Finally,  a soil  barrier  is  sprayed  into  the  flap  wells  where  Ihe  engine's 
exhaust  may  strike  parts  of  the  wings.  This  is  to  pro 


oleci  these  surfaces  exposed  i 


iPaiminaProctM 


The  anuiuit  ofoveispray  in  the  paimins  losks  plays  a role  in  bow  much  of  the 
solid  fisclions  of  Ihe  paint  are  released  to  the  afr.  The  oversptay  in  all  paintii^  operations 
1s  assumed  (0  be  S0%.  The  air  alomiaed  spray  system  used  in  tbe  C-130  painting  facility 
has  an  overspray  range  of  32-883^  with  an  overage  of  60%  (Ayer  and  Hyde.  1990). 
Generally,  a ta^e  Dal  painting  surftee  (Le.  aircrafl)  would  produce  less  overspray  as 
opposed  to  smaller  con^lex  surlaces  (i.e.  table  legs,  poles).  Due  to  the  experience  of  Ihe 
painters  and  the  large  surface  of  the  aircraA  a slightly  smaller  value  of  30%  over^tray  is 
assigned  to  poinling  tasks  ratlKr  than  Ihe  nvcmge  of  60%.  The  wash,  brightener,  enzyme 
and  aktdine  tasks  which  ore  assigned  a 10%  overspray.  A lower  overspray  is  used  because 
these  tasks  do  not  use  the  air  aiomized  spray  system  which  is  under  high  pressure.  The 
droplets  created  in  these  tasks  are  large  (similar  to  that  of  a garden  hose). 

Rinsing  a product  alter  application  will  effect  the  quamity  of  liquid  chemicals 
available  to  evaporate  into  the  air.  All  products  used  in  Ihe  painting  tasks  have  'no 
rinsing."  The  wash,  brightener.  enzyme  and  alodine  lasksare  rinsed.  Tbewash. 
brightener  and  enzyme  insks  are  assumed  to  leave  5%  of  the  produci  in  Ihe  booth  (95% 
rinsed  away)  and  the  alodine  tasks  are  assumed  to  leave  10%  in  the  booth  (90%  rinsed 
away).  The  reason  for  the  dilTerence  is  because  the  alodine  solution  is  allowed  to  sit  on 
Ihe  oircraA  for  a few  minutes  before  It  is  rinsed  away.  All  the  products  in  these  tasks, 
which  are  rinsed,  are  water-based  products.  Therefore,  the  Influence  of  rinsing  is 
negligible  because  rinsing  effects  only  the  liquid  cbemkol  concenlrallons  which  is  water  in 
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Oiis  Various  other  inputs  that  were  used  in  the  model  for  this  denwnsimian  are 
listed  in  table  S-2. 


Products  Used  in  Paintina  Process 

The  products  for  each  of  the  tasks  along  with  usage  rates  can  be  found  in 
Appendix  A.  The  bifnrroslkin  contained  in  the  product  list  was  assembled  during  the  sie 
visit  using  paint  inventory  logs  and  an  interview  with  the  shop  s-upervisor.  This 
infomtation  was  cross-referenced  with  a phyrical  inventory  in  the  supply  room.  Also,  the 
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chemical  breakdown  of  each  product  was  obtained  &om  Maieriai  Safety  Data  Sheets 
(MSDSs).  EachMSDS  was  acquired  from  the  foUowing  sources  in  order  of  preference: 

• Depot  Maintenance-Hazardous  Materials  Management  Syslem(DM‘HMMS)- 

databaae  used  at  Hill  AFB  fer  MSDSs. 

• Hazardous  Material  Inrormalion  System (HMIS)  on  CD-ROM- AF database  of 
MSDSs. 

• Manufacturers  - missing  MSDSs  were  obtained  directly  from  manufaclurers. 


There  were  many  sources  used  to  assemble  the  chemicnl  database  which  contains 
over  1 300  chemicahi  (see  Chapter  4 for  list  of  sources).  This  database  was  used  to  extract 
chemical  tnformalion  for  the  54  chemicals  found  in  the  products  used  at  the  Hill  AFB  paint 
fecility.  The  chemicals  found  in  the  various  products  used  at  the  paint  lacility  arc  listed  in 
tuMeS-3.  Tbecolumnheadingdefinhionsforthecliemicallistnreasfollows: 

• CAS  - Chemical  Abstract  Service  (CAS)  Registry  Number  to  uniquely  idenlily  the 

• Name  - lUPAC  Chemical  Name  (common  names  used  as  appropriate! 

• H of  Prod  - Number  of  palming  producis  that  the  chemical  is  found 

• Avg  Vi  - The  average  percent  make-up  for  the  products  the  chemical  was  found  in 

• STEL  Ceil  - Lowest  STEL  or  ceilii^  between  OSHA  and  ACCIH  (mg/m’) 

• TLV  - ACGIH  8-hour  TWA  limil  (mg(m') 

« PEL  - OSHA  Permissible  Exposure  Limit  (n«/m‘) 

. MW- Molecular  Wei^il 

• US  - Liquid  or  Solid  at  room  tempenuiire 


Table  S-3  Chemical  List  in  Painting  Process 
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TaMe  5-2  Cominued 


• Unk  indieales  Ibe  quanlil)'  is  unknown 

Due  CO  (he  variety  ofchemicaU.  only  a few  signilicanl  chemicals  will  be  discussed 


Chromium  is  among  (he  most  toxic  chemicals  involved  in  (be  paincing  process. 
Chromium  is  a hard,  sreel-gray  meuil  which  is  highly  resisianc  to  oxidation.  Chromium  is 
(he  sixth  most  abundant  eicntcnt  in  the  earth's  crust.  The  most  common  three  valence 
stales  of  chromium  are  Cr°<metal),  Cr^'  and  Cr**.  The  trivaleni  chromium  (Ct^*)  and 
hexavalenl  chromium  (Cr^)  are  Ibe  most  biologically  signi&am.  Cr^‘  is  actually  a 
required  micronulrienl  at  0.05-0.2  ing/day  but  higher  doses  can  be  toxk  (ATSDR.  1990). 
Cr^  is  the  most  toxic  fbim  of  chromium  and  is  more  easily  absorbed  through  the 
ifihalalion.  ingestion  and  dermal  routes  (Klaassen.  1986:  597).  Strontium  chromate 
contains  Cr°*  and  is  the  most  toxic  chromium  containing  conqxtund.  All  the  primer  palms 
in  Ibe  C-150  palming  process  contain  anywhere  Bom  20-25H  slromium  chromate.  The 
alodine  solution  contains  S%  of  chromnun  trioxide  <CiO>)  which  also  coniams  Cr^.  The 
OSKA  ceiling  limit  for  siromium  chromate  is  0.2  mg/m'  (0. 1 mg/ra'  as  CrOj).  The 
ACGIH  TLV  fcr  stromhim  chromole  is  0.002  mg/m‘  (0.0005  mg/m’  as  Cr).  The  OSHA 
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veiling  for  chromium  Irioxide  is  0-1  mg/m’  and  ihe  ACGIH  TLV  is  0.1  mg/m’ (0.05 
mg/m’  as  Cr). 

The  chromates  in  the  Cr^  valence  stale  arc  good  banding  ^ems  to  adhere  the 
polyurethane  topcoat  to  the  aiuminum  iuselage  and  there  are  rto  good  substitutes  for  the 
chromates.  Strontium  chromates  work  e^iecially  well  as  a bonding  agent  in  the  primer 
paints.  Informal  tests  performed  on  primers  containing  other  chromium  sahs  or  no 
chromate  at  all  have  resulted  in  poor  adhesion  and  more  frequent  re-paiming 

Cr^  is  a Strang  oxidizer  that  can  cause  local  ulccrelions.  liver  and  kidney  damage 
and  is  linked  to  a higher  incidence  of  lung  cancer  (Crohse  et  nL.  1988).  Dermal  and  lung 
exposure  to  Cr^'  can  cause  local  uiccraliona  at  Ihe  point  of  conracl.  Acme  systenuc 

ofthe  kidneys,  in  an  area  responsible  for  ghicose  reobsorption.  This  progresses  to  a 
condhkm  called  Chicosuria  and  ultimately  kidney  Allure  (Ballantyne.  1995:451).  Chronic 
exposure  to  Cr*”  has  been  linked  to  lung  cancer  and  the  Intemaiional  AgetKy  for  Research 
on  Cancer  (lARC)  lists  Cr^'as  a known  human  carcinogen.  In  an  epidemiologieal  cohort 
study  with  people  who  worked  for  more  than  one  year  at  a chromium  production  plant 
from  1931-1949.  the  incidence  of  lung  cancer  was  18.2%  whereas  1 .2%  was  expected. 
Several  other  studies  involving  workers  in  the  chrome-plating  and  chronhum  pigment 
indttstriea  suggest  similar  resuhs  (ATSDR.  1 990). 

Hexamelhvlene  DiisocvanaielHDli 

Polyurethane  paints  contain  diisocyanates,  which  crosslink  to  form  Ihe 
polyurethane  structure  in  the  cured  paint.  The  diisocyanaies  are  typically  pre-polymerized. 
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which  links  them  logioher  lo  form  heavier  compounds.  This  reduces  the  volatility  of  the 
coti^imd,  presumably  making  them  safer  to  use.  The  free  monomer  form  of  the 
diisocyanates  is  still  present  and  is  thought  lo  pose  the  greatest  health  ri^  However,  the 
polymerreed  isocyanates  have  received  altcfflion  recently  because  paim  aerosols  containing 
the  less  volatile  polymers  con  still  be  inhaled  (Poitrast  and  Carpemer,  1990).  It  has  also 
been  shown  that  the  polymers,  which  still  have  reactive  isocyanate  groups  (-ON-0),  can 
create  respiraloiy  disorders  »miJar  to  the  free  monomer  form  (Slreicber  el  aJ..  1994). 

The  paints  tutedon  the  C.130  nircraO  contain  hettainelhylene  diisocyanale  (HDI). 
The  paims  contain  30-45%  of  the  polymer  form  and  up  to  0.5%  of  the  free  monomer  form 
ofHDI.  Thelwo-componenlpainl  systemismixed  logeiherjust  beforeopplicalion.  The 
activator  and  the  base  ore  mixed  nJlowing  the  isocyanate  crosslixikixig  to  occur.  The  free 
monomer  and  to  some  extent  the  polymer  form  ofHDI  is  a strong  senshizing  agent 
(Rudinski).  They  cancauseoccupaiionalasthma  ifchronically  exposed  loeveasmall 
concenlralioiis  ofHDI  (PoiCrasland  Carpenter.  1990).  Currently.  OSHA  and  ACGIHdo 
not  haveonOEL  for  the  IfDI-polymer  but  both  have  a TWA  linut  of  0.034  mg/m’  for  the 
free  monomer  HDI. 

Besides  the  controversy  over  the  hazards  of  the  HDI-polymer.  there  are  several 
problems  whh  the  sampling  methods  for  isocyanates.  Isocyanates  can  exist  in  the  air  as  a 
vapor  or  as  an  aerosol  (droplets).  Currem  sampling  methods  usually  involve  collection  on 
a tiller  or  impinger  that  contains  a dcriviiizing  agent.  The  derivHidng  agent  converts  the 
volatile  isocyanates  into  a non-volatile  form.  This  works  reasonably  well  for  the  free 
monomer  vapors  but  the  pre-polymerized  isocyanates  in  the  paim  droplets  arc  overlooked. 


For  exangtie.  the  impinger  method  coUecls  90%  in  the  particle  size  range  of  0 lo  2.8 
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microm.  However,  panicle  azes  during  spray  an>licsIion5  Sian  at  10  microns,  wiiich  are 
largely  missed  by  ihe  impinger  collection  technique.  People  can  readily  inhale  particle 
sizes  up  to  60  microns.  Panicle  sizes  above  1 0 microns  are  too  large  to  gel  into  the  lungs. 
However,  the  larger  panicles  Oom  1 0 to  60  microns  can  deposit  in  the  nasal  cavity  where 
isocyanates  can  still  do  damage.  Also,  many  palms  loday  have  inhibitors  that  bind  the 
isocyanates  until  the  base  and  activator  are  mixed.  The  binding  agent  also  inhiUls  Ihe 
derivitiztng  agent  used  in  the  collection  method,  which  ftinher  underestimates  isocyanate 
concentrations.  Therefore,  sampling  melhods  underestimate  the  total  isocyanale  groups 
that  can  cause  a harmful  elTecl.  A modliied  sampling  procedure  using  an  indirect 
approach  has  been  used  in  sampling  for  isocyanaies.  The  procedure  requires  air  sampling 
for  a pigment  In  the  paint  and  multiplying  the  result  by  the  isocyanate  to  pigment  ratio  in 
Ihe  painl  (Poibasi  and  Carpenter.  l990;Slrcicherelal..  1994;  Rudzinski  and  Pia  1994 
and  Rudzin^i  et  al.,  1995). 

telancccalculaiions  using  the  quantity  orisocysnalcs  found  in  the  paints.  Therefore.  Ihe 
sangrling  errois  mentioned  above  do  not  influence  the  moders  predictioiis.  However, 
because  there  are  no  OEL  standards  for  the  HDI-polymers,  only  the  relative 
concentmiions  for  Ihe  monomer  are  shown  not  the  HDI-polymers. 

MelhvI  EthvlICetonetMEKi 

MEK  is  not  as  loxk  as  chromates  or  isocyanates  but  they  appear  os  the  highest 
chemical  in  a few  tasks.  MEK  is  used  in  a wide  variety  of  products  such  as  glues,  paints 
because  it  dissolves  many  substances.  MEK  is  used  tequenlly  in  the 


and  cleaning  solvents  I 


: gircrafl  in  the  I 
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the  sealer  compounds  for  thinning  and  it  is  used  to  clean  Ihe 
task.  The  paimers  add  a MEKAoiuene  mix  at  times  for  thinning  paints. 

The  heahh  ejects  of  UEK(2-butanone|  inhaiation  include  initotion  of  the  nose, 
throat,  skin,  and  eyes.  No  person  is  known  to  have  died  from  exposure  to  MEK  but 
animal  studies  show  loss  of  conscience  and  death  at  very  high  concentrations.  When 
ingested,  mild  kidney  damage  and  nervous  system  damage  has  been  observed  in  animal 
studies.  MEK  is  not  classified  as  a carcinogen.  The  OSKA  and  ACGIH  TWA  iimh  for 
MEK  is  590  mg/m’  (200  ppm),  with  an  ACGIH  STEL  of  886  mg/m’  or  300  ppm 
(ATSDR,  1992;  NIOSH.  1990). 

Toluene 

Like  MEK.  toluene  appears  as  the  highest  chermcal  in  several  tasks  and  h is 
frequanliy  used  in  Ihe  painting  process.  Similar  to  MEK.  toluene  is  used  in  the  painting 
process  to  clean,  thin  paints  and  wash  theoircrafr.  Toluene  is  found  in  many  products  10 
include  paints,  liiels.  fingernail  polish,  adhesives  and  some  printing  solutions.  Toluene 
evaporates  more  slowly  then  MEK.  The  painters  thin  the  paints  using  more  lohiene  if  a 
product  is  drying  loo  quickly  or  they  use  less  toluene  if  a product  is  drying  too  slowly. 

Low-io-moderate  levels  of  tohiene  from  kmg'term  exposure  can  cause  fetigue. 
confusion,  weakness,  memory  loss,  nausea  and  even  bearing  loss.  Inhaling  a high  level  of 
toluene  in  a short  lime  can  cause  a feeling  of  being  light'headed,  disy,  or  sleepy.  At  very 
high  levels  12000  ppm),  h can  cause  unconsciousness,  and  even  death.  Repealed  exposure 
to  high  levels  can  cause  permanent  brain  damage,  vision  and  bearii^  problems,  and  loss  of 
muscle  control.  Tohiene  can  also  damage  the  kidneys.  Babies  can  have  neurologic 

level  oftoluene  during  pregnancy.  Tolueneisnol 


problems  and  if  mothers  breathe  a high  I 
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liaed  as  a carcinogen.  The  OSHA  TWA  limit  for  Toluene  is  750  mg/m’  (200  ppm)  with 
an  OSHA  ceiling  of  1 130  mg/m’  (300  ppm).  The  ACGIH  TWA  limit  is  190  mgittf  or  50 
ppmlATSDR.  I994;N10SH.  1990). 

MeOivI  IsobulYl  Ketone  (MIBK) 

MlBK(someiinKScaUedMIK)isssolvem  found  in  many  paint  products.  MIBK 
is  the  has  the  highea  relative  maximum  concenualkin  in  several  tasks.  The  health  effects 
of  MIGK  arc  similar  to  that  of  toluene  with  disirtess.  respiratory  irritation,  nervous 
system  depression  etc.  In  addition.  MIBK  can  potentially  cause  cau^  liver  and  visual 
abnormolhies  at  higher  concentrations.  MIGK  is  not  a listed  carcinogeiL  The  OSHA 
TWA  limit  for  MIBK  is  410  mg/m’ (100  ppm).  The  ACGIH  TWA  limit  is  205  mg/m'  (50 
ppm)  with  an  ACGIH  STELof307  mg/m' or  75  ppm  OCIaassen.  I986;N10SH.  1990). 


CHAPTER  6 
MODEL  VALIDATION 

In  this  chopler.  a valkbtlionoflhe  model  is  perfomied  to  lest  the  model’s  prediclive 
accuracy.  The  Hill  APB  painting  facility  Is  used  as  the  lest  site.  The  ecoDomic  portion  of 
the  model  Is  compared  to  vendor's  quotes  using  data  from  the  Hill  AFB  iacilily.  The  air 
concentmlion  predictions  are  compared  to  actual  air  sampling  data  taken  at  the  Hill  AFB 
paint  lacility  for  chromium  and  isocyanates.  These  sampling  results  ate  conqiared  to  the 
OK  recirculation  rate  predictions  Bom  the  model  because  the  sample  ore  taken  before  the 
recirculation  ^stem  is  built.  Also,  to  help  understand  the  impact  of  the  each  variable  on 
the  concentration  prediclions.  a sensitivity  analysis  using  Crystal  Ball  4.0  is  provided  in 
this  chigtter-  CiyslalBall  issoftuare  designed  to  work  with  Excel  and  pertbrms 
simulations  using  probabilistic  techniques.  This  is  explained  in  more  delaO  below.  Also  a 
qualhalive  sensitivity  analysis  is  provided  on  all  input  vahobles  to  give  a more  complete 
understanding  of  the  vanable  interactions  on  the  economic  and  concentration  outputs. 

Vendor  Cost  Quotes 

Separate  vendors  dealing  with  VOC  control  devices  were  contacted  to  obtain 
quotes  to  purchase  and  install  on  air  control  device  al  Hill  AFB.  Building  270.  The 
purpose  was  to  compare  the  COST  AIR  prediclions  in  control  costs  to  actual  vendors 
quotes.  Three  different  technologies  were  requested;  Regenerative  Thermal  Oxidolion 
(RTO)  with  Carbon  Adsorption  Concentrator.  RTO  only  and  Thermal  Incineration.  The 
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produci  list  was  provided  to  the  vendors  (Appendix  A)  detailing  usage  rates  of  the 
products  and  VOC  content  etc.  The  mformation  shown  in  table  6- 1 was  provided  to  each 
vcralor.  The  vendors  were  requested  to  send  a written  quote  on  three  separate  airflows  at 
355.000  c6n.  1 77,500  cfin  and  35,500  cfin  corte^nding  to  0%,  50%  and  90% 
recirculation  levels. 


Annual  Operating  Houi 


In  comparing  the  EPA  COST  AIR  Model  and  the  actual  vendors  quotes,  it  was 
quickly  detennined  that  the  COST  AIR  Model  was  predicting  high  for  the  RTO 
technology.  According  to  conversations  with  vendors,  the  main  reason  for  this  a that  the 
growth  of  demand  for  RTO  units  has  increased  substantially  in  the  mid'l990s.  Increased 
competition  and  modular  designs  have  reduced  the  base  price  of  an  RTO  unit  in  the  late 
1 990s  compared  to  the  late  1980s.  'Hie  EPA  COST  AIR  assumplion  is  that  the  RTO  unit 
costs  roughly  S22.20  per  chn  ofair  but  current  industry  startdards  are  closer  to  SI5/cfm. 
The  model  was  adjusted  to  SI  5/cfin  to  account  for  this  change.  After  this  adjustment,  the 
model's  cost  predictions  for  the  RTO  and  the  RTO  with  carbon  adsorption  was  more 
refieclive  of  industry  costs.  Table  6>2  isa  list  of  vendors  contacted  and  table  6-3  is  a list 
of  quotes  with  comparisons  to  the  models  picdinions. 


no 


The  numbers  in  tabk  6-3  are  in  SI  000.  The  range  in  Ihe  modcfs  predictions  ftir 
capital  expenses  compared  to  the  average  capital  expenses  Irom  the  vendors  was  from  • 
3434  to  17%.  •niiasuggestsaslightoverpredictiont^'tbemodeL  However,  even  slight 
diflerenccs  in  assurnnions,  such  as  the  efficiency  of  the  heat  transfer  ^em  or  Ihe  heat 
content  ofthe  waste  stream,  will  result  in  a large  shift  in  cost.  Also,  one  company  (Rceco) 
chums  a new  adsorption  lechnotogy  called  Fluisorb.  which  is  described  as  a polymer  with 
greater  adsorption  capacity  than  activaled  carbon.  The  costs  in  Ihe  model  are  based  on 
activated  carbon  adsorption.  The  better  adsorption  capacity  will  cause  the  moders 
predictions  to  be  higher  than  the  companies  quote. 

There  are  greater  diftbrences  in  the  annual  operating  costs  between  the  model  and 
the  vendors  (-6534  to  61%).  One  reason  for  Ihe  variability  on  annuai  costs  is  because 
thermal  incineration  is  so  impractical,  there  was  only  one  company  wilting  to  Ind  on  il. 
Having  only  one  vendor  may  not  accurately  reflect  pricing  in  the  industry.  It  is  imponani 
to  note  that  the  model  actually  predicts  annual  costs  higher  than  riiown  in  table  6-3  above, 
because  only  ekcuicity  and  natural  gas  costs  were  extracted  from  the  model.  This  was 
done  because  most  veodurs  only  predicted  cost  based  on  electric  arid  gas  consumption. 

insurance  and  adnunistrative  costs. 

The  modeTs  annua)  costs  for  the  RTO  system  with  carbon  adsorption  are 
consistently  lower  than  the  vendor's  annual  costs.  However,  because  Ihc  costs  are  small 
the  percentage  difference  between  them  is  exaggerated.  The  difference  between  the  model 
and  the  vendors  in  the  RTO  system  with  carbon  adsorption  is  caused  primarily  by 
the  vendors  accounted  tor  Ihe  need  for  auxiliary 


e.  It  is  suspected  that  i 


112 

blowers  where  as  Ihe  model  did  nol.  Funhermore,  ihe  annual  costs  are  still  comparable 
telween  recirculation  levels  because  the  error  appears  lo  be  coitsislent. 

Air  sampling  for  hexavaleni  chromium  (Cr*^)  was  performed  at  tbe  Hill  AFB  C- 
1 30  paiming  fecUity  on  three  separate  occasions.  The  samples  were  taken  during  primer 
paimappUcatkmsonJune9, 1 997,  December  1 1 . 1997.  and  April  6, 1998.  The  Industrial 
Hygiene  Branch  of  the  Human  Systems  Center  (HSOOEMI)  at  Brooks  AFB.  TX. 
performed  the  data  colleclion  in  June  and  December.  The  Analytical  Services  Branch 
(HSC/OEA)  at  Brooks  AFB,  TX,  performed  the  data  analyas  for  Ihe  June  and  December 
samples.  Contractors  from  Faisons  Engineering  Science.  Incorporated  performed  the  data 
colleclion  in  April.  The  OSHA  Sah  Lake  City  Technical  Center.  UT.  analyzed  the 
samples  taken  In  April.  NIOSH  Method  7600  was  adhered  lo  foraU  chromate  sanpling. 

Air  sampling  for  hexamethylene  diisocyanale  (HDI)  was  also  perfoiroed  at  the  Hill 
AFB  palming  facility  on  April  6.  1998.  Contractor's  from  Parsons  Engineering  Science, 
Incorporated  performed  the  data  colleclion  and  the  OSHA  Sah  Lake  Chy  Technical 
Center,  DT.  analyzed  the  samples.  OSHA  Method  42  was  adhered  to  for  collecting  HDI 
samples.  Table6-4  isasummaryoftheallsamplingdala  A description  ofeach  column 
in  table  6-4  is  as  follows: 

• Date  - date  samples  were  taken. 

• M-  number  of  samples  taken  on  tbe  ^ven  date. 

• Analyie-typeofcompoundanalyzed, 

• NUN  - palm  product  used  at  the  time  of  air  sampling 

(F^ersJ  Supply  Class  (FSC)  is  8010  and  all  are  Deft.  Inc.  products). 

• % Analyte  - the  fraction  of  Ihe  analyte  In  Ihe  base  or  catalyst. 

• CoUecled  by  - organization  who  performed  the  collection. 
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• Analysis  ty  - organizBiion  who  performed  Ihe  snalysis. 


Samclina  Results  for  Hexavalenl  rhromium 

The  results  of  Ihe  air  sampling  data  for  Cr'*  arc  shown  in  table  6-5.  Each  of  the 
22  dais  points  represents  a personal  air  san^lc.  The  sampling  cassette  was  allached  to  Ihe 
collar  of  Ihe  painter  or  assistant.  The  dates  and  location  that  the  person  was  primarily 
workingaregiven  inihesecondandihird  columns.  The  last  two  columns  represem  the 
san^ling  data  and  the  model's  predictions  in  ug/m^  (asCr**^.  No  recirculation  (0%)  is 
assumed  for  the  model’s  predictions  because  IIk  recirculation  system  was  not  yet  installed. 
Abo.  50%  oveispray  is  assumed.  It  is  also  assumed  that  an  average  of20  (maximum  of 
25)  gallons  of  primer  paint  isasedin)  hours.  The  models  piediciiona  are  broken  into 
two  sets  because  two  different  typesofprimera  were  used.  The  models  predictions  are 
convened  to  Crt6  (MW=52)  from  strontium  chromate  |MW=203.6)  so  that  they  can  be 
compared  to  Ihe  Crr6  sampling  data.  The  following  conversion  formuia  is  used. 


[Cr**  ]=[SlroniiuniChfonale|*  ^ 


5 HcKUvalemChromi 


os  During  C-1 30  Priiner  AppUcalbr 


The  average  conceiunilion  for  each  »niplc  la  ia  given  ai  ihe  boiiom  of  uble  6-S. 


spending  TWA/OEL  is  given  belo 


! ACGIH  TLV-TWA  is  0.5  ug/m3.  the  TWA/OEL  is  computed  with 


the  Ibllowing  fhmnils: 

TWA  . [Cr**]  phra'i 
OEL  O-Sug'ni’l*'"/ 

A gr^hical  repiesenUlionofthe  sampling  dais  is  shown  in  Sgute  6-1.  The 
air  saiTftling  data  show  a wide  degree  of  variability,  which  is  reflective  of  most  air 
sanpling  results.  Where  a worker  stands,  application  technique,  application  rate,  unevenly 
tniaed  air  and  a number  of  other  feciors  add  a great  deal  of  natuml  variability  to  actual  air 
concemralions.  The  model's  predicled  concenlrslion  is  approximately  twice  the  averse 
air  sampling  results.  However,  three  oflhe  20  data  poimsare  above  the  ntodefs 
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Figure  6- 1 Stunpling  Data  Versus  Model  Predictions  for  Cr*^  (see  table  fi.S) 


Sampling  Data  1,6.  Model  PiBdictionstor[Cr**] 
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prwJiclioa  TTie  model  corresponds  wel!  lo  the  air  san^ling  considering  the  assunptkms 
dal  went  into  the  model’s  predictions  and  the  inherent  voriabiliij'  in  air  sampling  data. 
Even  though  the  model's  predictions  are  over  the  air  songrling  average,  some  over 
estimation  is  preferred. 

Also,  the  highest  air  sampling  point  can  be  used  to  congtare  against  the  model’s 
prediclion  for  the  maximum  concentration  ofCr*^.  The  highest  air  sampling  point  in  the 
data  set  for  Cr'‘ is  1,631  ug/m’.  The  model’s  predicted  maximum  concentration  for  Cr** 
is  1.681  ug/m’(adjusted6om  strontium  chromate  concentration  of  6.584  ug/m').  The 
model’s  prediction  for  the  maximum  concentration  is  very  close  to  the  highest  observed 
concenitalion . These  concentrations  correspond  to  approximately  32  times  the  OSHA 
ceiling  limit  of  100  ug/m'  (as  CrOi). 


Personal  air  samples  for  HDI  were  taken  on  April  6, 1 998  during  the  polyurethane 
painting  task.  The  data  was  collected  i:^  the  contractors  from  Parsons  Engirrecring 
Science.  Incorporated  nrrd  analyzed  by  the  OSHA  Salt  Lake  City  Technical  Center.  UT. 
Fifteen  sangries  were  collected  on  each  of  three  forms  of  HDI.  The  three  forms  of  HDI 
are  HDI-rrronomer,  HDI-bhiret  and  HDI-polynrer.  The  HDf-rrronomer  is  the  only 
chemical  that  has  an  OEL  (TWA  at  34  ug/m^)  and  it  is  more  significant  due  to  its 
volatility.  In  the  model  it  Is  assumxl  that  an  average  of  40  (maxiirHim  of  45)  gallons  of 
polyurethane  point  is  used  in  4.5  hours.  The  sampling  results  are  shown  on  (able  6-6  in 
ug/m'.  The  data  is  broken  into  painters  (data  points  l-IO)  and  nssisumis  (dam  points  II- 


15).  The  model's  prediclio 


117 


Table  6<6  HDI  Air  Soo^ling  Results 


iModeb  Prediction's  in  ug/m' 


A graphical  representation  of  the  sampling  data  for  HDI-monomer  is  shown  in 
figure6‘2.  Figure  6<2  sbowsa  pattern  similar  figureb-I.  The  model's  prediction  is 
approximaieiy  double  the  average  sampling  conceturalions  with  a few  san^les  above  the 
tnodel's  prediclions.  The  prcdklinn  and  sampling  results  are  similar  to  patterns  observed 
in  the  chromium  sampling.  The  model's  prediclioiis  Ibr  the  HDI-monomer  are  well  within 


varial^Iy  inherent  to  air  sait^ling 
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Sampkre  Data  vs.  ModelPi«dictions  for  [HDI  Monomer] 


Data  Poirts 


Figure  6-2  Sampling  Data  for  HDl-Mononier  (see  table  6.6) 

Figure  6-3  shows  the  sampling  data  and  model  predictions  for  both  HDl-polymer 
and  HDI-biuret.  The  model  over  predicts  for  both  of  these  chemicals,  particularly  the 
HDI-biuret  by  a larger  margin  than  previously  seen.  However,  there  is  one  HDI-polymer 
sampling  point  above  the  prediction  and  (he  over  prediction  is  still  within  a reasonable 
margin.  Also,  there  is  controversy  concerning  the  sampling  rrtethods  used  for  iso^arrates. 
Several  studies  argue  that  the  isocyanate  sampling  methods  are  flawed  and  actual 

Chapter  3 for  detaHs)  This  could  etcpiain  some  of  the  model’s  over  prediction.  Ifthe 
actual  concentrations  are,  in  fact,  higher  than  the  sampling  indicates,  the  model's 


vould  more  closely  reflect  i 


Sampling  Data  vs.  Model  Predictions  for 
[HDl  Polymer)  and  [HDIBIuret) 


7000 


I .... 


* HDl  Po)ym«r  SatrpUng  t Model's  HOI  POymer 

□ PO  Bliiiet  SampUng  a Model's  HOi  Biurel 


Figure  6-3  San^ling  Dale  for  HDl  Polymer  and  Biuret  (see  table  6.6) 

Crystal  Ball  SensiliYltv  Analysis 

A sensitivily  nnelysis  was  perfoimed  using  Crystal  Ball  Veisioa  4,0.  Crystal  Ball  is 
an  Excel  add-on  developed  by  Oectsioneering  which  uses  a Monte  Carlo  simulation 
technique.  Each  variable  in  a ^readsheel  can  be  given  a distribution  instead  of  a single 
point  estimate.  This  allows  variability  and  uncertainly  id  be  taken  into  account  in  the 
calculolions.  When  Crystal  Ball  runs  a Momc  Carlo  simulation,  a random  number  b 
selected  for  each  variable  within  its  distribution.  This  process  b repeated  many  limes 
computing  a diifcrenl  outcome  each  time.  The  outputs  from  each  heralion  b computed 
and  stored.  When  the  simubiion  is  con^leie.  a distribution  of  outcomes 


I b provided  i 
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prebnWlity  distribulian  graph.  A senshivilj'  analysis  can  then  be  perfonned  which  provides 
the  level  ofinfluence  each  variable  has  on  the  outcome.  This  is  a powerfiil  tool  to  help 
understand  which  variable  in  o complex  model  has  the  greatest  influence  on  the  outcome. 
Then,  more  attention  can  be  directed  towards  gathering  better  infcnmtion  about  Ibe 
variables  that  have  the  greatest  influence  on  the  outcome. 

in  this  rimulaliun.  tbe  variables  listed  in  table  6-7  were  given  the  corresponding 
point  estimates.  No  distribulkms  were  applied  to  these  variables.  It  was  also  assumed 
that  (here  was  no  rinsing. 

Table  6-7  Point  Estimates  for  Sensitivity  Analysis 


VARlABLf 

VALUE 

Hcishl  of  Build  inil 

II  m 

WidthorBuildinit 

30  m 

Length  of  Building 

TLV 

1 mc/m'' 

Chemicals  Densitv  (g/mll 

1 g/ml 

Molecular  Weight  (g/mol) 

100  e/mol 

The  sensHtvity  analysis  was  done  by  applying  a distribution  of  values  diown  in 
table  6-8.  Crystal  Boll  was  allowed  to  run  for  2000  iletaiiotis  and  tbe  outcome  of  interest 
was  the  relative  TWA.  Because  an  OEL  of  I mg/m'  is  used,  the  relative  TWA  (unitless)  is 
tbesameaslheaclual  TWA(iiQ/m'|.  Two  Monte  Carlo  simulatioRS  are  performed.  One 
simulalion  assumes  the  chemical  is  a solid  and  the  other  assumes  the  chemical  is  a liquid. 
The  following  distributiorts  are  given  to  tbe  variables. 

A uniform  distribution  was  applied  to  all  variables  except  air  velocity  because  there 
is  a high  degree  of  uncertaimy  among  these  variables.  The  uniform  distribution  assumes 
there  is  equal  probability  that  any  value  can  be  selected  within  tbe  given  range.  A 
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Table  6-8  Diaribulk>ns  for  Seleci  Variables  in  SensAivity  Analysis 


Hours  Product  is  Used 


tjiangular  distribution  was  applied  to  the  air  velocity  because  reliable  air  velocity 
RKasuretnents  are  available.  Tbe  triangular  distribution  is  used  when  there  is  a higher 
degree  of  certainty  because  less  weight  is  given  to  the  values  near  the  endpoints  of  the 

The  sensitivity  analysis  results  in  a plot  of  the  variables  ranked  by  how  well  they 
correlate  with  the  relative  TWA.  The  correlation  coeflicient  is  used  to  measures  how 
much  the  output  variable  (relative  TWA)  chai^  when  the  variable  is  changed.  The 
correlation  coefRcieni  is  a number  Irom-I  to  1.  if  the  correlation  is  close  to  I.  then  the 
variable  strongly  influences  the  output  variable  proportionally.  If  the  correlalion  is  ebse 
to  0.  then  the  vnrinble  does  not  subsuimially  influence  the  output  variable.  A negative 
correlation  means  the  output  variable  is  inveisely  proponioruil  to  the  variable  (Le.  when 
one  increases  the  other  decreases).  In  other  words,  this  analysis  allows  the  user  10  see  the 
relative  impact  each  variable  has  on  the  relative  TWA. 

Senshivilv  Analysis  on  a Solid  Chemical 

As  can  be  seen  in  ligure  6.4.  the  percentage  of  chemical  in  a product  artd  the 
average  gallons  used  has  the  greatest  impact  on  the  TWA  concentration  of  a solid 
chemical.  This  is  no  surprise  because  these  variables  directly  increase  the  moss  of  product 
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imroduced  to  the  air.  The  percent  overly  has  the  next  greatest  impact  on  the  TWA. 
The  overepray  impacts  a solid  chemicaJ  because  this  is  the  fraction  that  becomes  ai^me. 
Iftbe  ovac^ray  Is  high,  more  mass  ofa  solid  chemical  will  enter  the  airslream.  Air 
velocity  has  the  next  greatest  impact  wHh  a negative  correiation,  which  means  as  velocity 
iitcreases.  the  TWA  concentialion  decreases.  This  makes  sense  because  increased  air 


Sanaittvtty  Chart 


Figure  6-4  Senshiviiy  Analysis  for  Solid  Chemical 

velocity  will  pass  more  air  through  the  fihers  designed  to  take  out  solids  from  the  air. 
Increased  air  velocity  however  will  also  increase  the  cost  of  an  air  control  system  because 
the  airflow  will  increase. 

Filter  efficiency  has  the  next  greatest  impact  on  TWA  concentrations  ofa  solid 
ahbough  the  coirebtion  is  weak.  This  is  suiprising  because  computationally  fUter 
efficiency  appears  to  have  a large  effect  on  solid  chetnicais.  There  are  two  reasons  the 
GIter  efficiency  is  not  higher  in  this  senshivity  analysis.  The  impact  of  fUler  efficiency  is 
greatest  when  recirculation  is  high.  In  this  Monte  Carlo  analysis,  redrculalion  is  uniibnniy 
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distributed  between  Cfii  and  99%.  During  the  random  selections  of  recirculation  rslkis. 
some  ofibe  recirculation  levels  are  low  and  filter  efficiency  has  little  effect.  However,  in 
reality  a specific  recirculaiion  level  will  be  selected  and  Ifh  is  high,  filter  efficiency 
becomes  very  important.  Another  reason  filler  efficiency  is  artificially  low  is  because,  a 
raogeofonty70%lo  99%  was  given  to  fiiler  efficiency.  This  assumes  that  some  lihralion 
willbeused.  TheimpacloffiHerefficiency wouldbcgrealerifawiderrange  wasgiven 
to  the  filler  efficiency  such  as  0%  to  99%.  In  foci,  if  the  recirculation  level  is  held  fixed  at 
90%  recirculation  and  a wider  range  of  0%  to  99%  is  given  to  the  filtration  efficiency,  the 
sensitivity  analysis  shows  that  fihiaiiun  efficiency  has  the  greatest  inffuence  on  TWA 
concentration.  The  correlation  coefficient  is -0.59  Ibr  filinilion  efficiency  and  0.58  for  the 
percentage  ofchemiciil  in  the  produa. 

The  percent  of  air  recirculated  has  little  effect  on  solid  chemicals  because,  as 
mentioned  before,  with  efficient  lihralion  tnuchoftlic  solids  are  taken  out  before  the  air  is 
recycled.  In  this  analysis,  the  range  of  70%  to  99%  fibralion  efficiency  is  subslamially 
high  enough  to  limil  the  impact  of  recirculaiion.  If  no  fillmlion  is  used,  the  percent  of  air 
recirculated  would  have  a greater  impact. 

[foiidly.  the  last  variable  tested  in  this  sensitivity  analysis  is  'haute  the  product  is 

If  five  gallons  of  product  is  used  in  one  hour  or  eight  hours,  the  average  concenliaiion 
over  an  eight-hour  day  remains  the  same.  However,  if  the  forecast  variable  was  the 

A prob^lty  distribution  oflhe  relative  TWA  for  a solid  chemical  is  provided  in 
figure  6-5.  This  disiributioa  was  generated  ffom  the  Monte  Carlo  analysis  just  described 


for  B solid  chcmicn].  The  range  of  the  relative  TWA  is  betweso  0-02  and  5. 1 and  the  skew 
in  the  graph  indicates  the  probability  of  lower  concentrations  is  gnniier  than  upper 


Sensiiiviiv  AnaKsis  on  a Liauid  Chemial 

The  same  variable  distributions  and  assumptions  that  were  used  in  the  solid 
chemical  analysis  above  were  used  for  this  sensitivity  analysis  for  a liquid  chemical.  The 
only  dilTerence  was  that  the  phase  wa-s  changed  fitim  a solid  to  a liquid.  The  results  ofthis 
anaiy^  are  shown  in  figure  6-b.  With  a liquid  chemical,  the  percent  of  air  recirculated 

correlation  ofO.69  and  this  is  mainly  due  to  the  lact  that  liquids  are  assumed  to  evaporate 
at  lOOVi  and  bypassihe  filtration  system.  The  next  most  important  variatdes:  pereeiuof 
chemica]  in  product,  average  gallons  used,  and  air  velocity  are  ranked  the  same  as  for  a 
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Smilivtiy  Chan 
RMtIva  TWA  lor  Uguld  Choiricil 


Figure  6-6  Sen^ivity  Analyeb  for  Liquid  Chemical 

solid  chemical  Overspray  and  fiber  efficiency  have  no  impaci  on  the  TWA  of  n liquid 
chemical  because  it  is  assumed  that  100%  oflhe  chemical  evaporates.  Thenumberof 
hours  the  product  is  used  has  no  efiect  because  as  explained  above,  the  time  it  takes  to 
apply  a product  does  not  change  the  average  concentration  over  an  8-hour  day.  A 
probability  distribution  of  the  relative  TWA  for  a liquid  chcmkal  is  provided  in  figure  6-7. 
The  range  of  the  relative  TWA  is  between  0.02  and  55,  which  is  a much  wider  range  than 
the  range  of  outcomes  for  a solid. 

f)ualilitive  Servalivity  Analysis 

To  further  understand  the  impact  ofthedifierent  variables  in  the  model  a 
qualitative  sensitivity  analysis  is  performed.  This  analysis  is  more  sub^tive  but  it 


includes  vinualiy  ail  the  variables  I 
outputs.  TWA  and  maximiim  con 


• than  just  TWA  I 
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addresses  the  fact  that  some  variables  are  dependent  on  other  variables  which  is  not  clearly 
shown  in  the  Monte  Carlo  analyses  due  to  the  complex  nature  oftbe  interactions. 

The  first  column  in  taMe  6-9  shows  the  location  of  each  variable  in  the  model. 

Then  the  variable  is  listed  b the  second  column  followed  by  the  outcomes:  indoor 
coneentraiions.  operating  cost  of  air  control  device  and  capital  cost  ofair  control  device. 
An  increasing  or  decreasing  arrow  is  shown  depending  on  the  directbn  of  the  oulconM 
(listed  on  top  of  table)  rebtive  to  an  increase  b the  variable  (listed  b column  2).  An 
increasing  arrow  means  when  the  vahabie  is  increased  the  outcome  is  increased  and  a 
decreasbg  arrow  means  that  when  the  variable  is  increased  the  outcome  is  decreased.  A 
dftOi  singly  means  no  effect.  The  symbol indicates  a proportional  relationship. 
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Table  6-9  Qualitolive  Sensitivity  Analysis 


Input 

Fonn 

Increase  to  This 
Variable  EfTects  » 

Air 

Concemratioiis 
Exsonential  T 

Operating  Coats 

Capital  Cost 

Building 

RecBCulaion  K 

Building  Dimensions 

magnifies  effect 

^lincnrT 

*1“’ 

Air  Vriochv 

ExDoncmial  1 

Anflows  Towards 
Wall  or  Flour 

magniltes  effect 
of  recirculation 

Natural  cas  price 

near  cc  linear  t 

Small  T 

Steam  price 

Small  t for 
carbon  ods 

C-arbon  price 

Moderate  t for 

Moderate  t for 
carbon 

Fonn 

Verr  small  1 

1 * Pass  Tiher  EtBciency 
2“  Pass  Filler  Efficient' 

Icffectofrecirc 

t for  larger 
thismadch 

blowm7i»i  in 

this  model! 

Time  per  Shld 

; TWA  bui  OEL 

Operatina  Hrs 

T Itn^r  t 

none 

VAPCCI  Indexes 

Influfiun  t 

Iniialion  T 

Task- 
1 Product- 

Task  Tiirr 

Task  Tiitesnr  ear 

Rinsed  ^6 

OversoriivH 

at  linear  t fsol) 

WtA/o! 

tor-1- 

t to  Max 

SimUt 

Small  T 

Time  Used 

T to  Max 

VOC  Coment 

t to  TWA 

SmaUi 

Srrtall  k 

Moderate  t 

% Chemical 

T for  chemical 

CHAPTER? 

RESULTS  AND  CONCLUSIONS 


This  Gnalchapier  will  discuss  the  rcsulls  of  the  model's  predictions  concerning 
recireulsting  air  at  Hill  AFB  Painting  Operations.  The  chemicai  concentimion  resuhs  (i 


discussed.  Then,  a lire  haaard  evaluation  will  be  presented  followed  economic  results 
and  other  misceUaneous  outputs.  Finally,  this  chapter  will  pteacnl  conclusions  concerning 
the  useofrecirculationaltlieHill  AFB  painting  lacility  along  with  more  general 
considerations  for  any  focilliy. 


The  relative  maximum  and  TWA  graphs  may  appear  busy  at  first,  so  a simplified 
example  with  only  one  task  is  explained  here.  As  mentioned  before,  the  concentration 
prediclions  are  normalized  by  dividing  the  conceniralion  by  the  chemical's  OEL.  These 
ratios  are  referred  to  as  the  relative  TWA  or  relative  maximum.  An  example  TWA  chart 
with  only  one  task  (AF  Sealer)  is  provided  in  figure  7-] . In  this  graph,  the  legend  displays 
the  task.  AF  Sealer,  and  the  chemleaL  n.n.diinelhylformaniide.  with  the  highest  relative 
TWA  within  that  task.  The  chemical  aoKiimcihyllbrmnmidB.  has  on  OSHA  PELoHO 
tng/in‘.  The  predicted  TWA  concentration  at  0%  recirculation  is  0.9  mg/m’-  The 


the  maximum  and  TWA  usii^  OSHA  OELa  along  with  OSHA  and  ACGIH  OELs  will  be 


128 


129 


relalive  TWA  displayed  on  the  graph  is  O.OTO  = 0.03.  The  TWA  concentration  at  98% 
recirculation  is  46  mg/m’,  so  the  relntive  TWA  is  46/30  = 1.53.  My  ratio  greater  than 
1.0,  means  that  the  predicted  concentration  exceeds  the  OEL.  Also,  this  example  graph  is 
on  a linear  scale.  The  rest  of  the  output  graphs  are  on  a logarithmic  scale  for  the  because 
the  actual  daui  can  vary  by  several  orders  of  magnitude.  A logarilhniic  scale  was  used  to 
avoid  the  danger  of  having  some  of  the  data  clipped  5om  view. 


The  relalive  TWA  and  maximum  graphs  display  how  the  highest  chemical  in  each 
task  responds  to  changes  in  the  recirculation  level.  With  the  relalive  concentration  graphs 
to  follow,  all  tasks  are  displayed  on  the  chart  unless  there  are  no  chenucals  in  that  task 
with  an  OEI.  With  1 7 tasks  at  the  Hill  AFB  painting  focility.  there  can  be  many  curves  on 
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a graph.  Pulling  all  tasks  on  one  graph  was  delibcraic  co  allow  ihe  user  lo  see  the  impocl 
rcdrculalion  has  lo  the  entire  operation.  A table  of  values  is  also  provided  aper  the 
graphs  to  allow  the  user  lo  see  the  values  that  go  into  each  graph  in  more  detail.  Also, 
there  are  two  sets  of  TWA  and  roaximum  graphs  that  follow.  The  first  set  wiL  contain 
values  using  OSHA  OELs  only  and  Ihe  second  set  contains  values  u^  the  most  stringent 
ofeilher  OSHA  or  ACCIH  OEL  values. 


Figure  7-2  is  a graph  of  the  Wghest  relative  maximum  concentrations  within  each 
task.  This  graph  represent  the  rraxhnum  concentration  divided  by  the  applicable  OSHA 
ceilii«  limh  or  STEL  (ACGIH  not  included). 


Figure  7-2  Relative  Max  Co 


ifOSHA  Only) 


131 


As  can  be  seen  on  this  graph,  aJI  three  tasks  invoWing  primer  painting  are  over  the 
OSHA  ceiling  limit  forstronthmichromale.  The  maxirnimi  concentrations  remain 
relatively  conslam  at  46.  32  and  24  times  the  OSHA  limit  for  strontium  chromate  during 
these  three  primer  tasks.  The  OSHA  ceiling  limit  for  chromates  is  0. 1 mg/m’  and  when 
weight  adjusted  for  strontium  chromate  the  limit  becomes  0.2  mg/m’  (see  Regulatory 
Limits  in  Chapter  4).  With  a low  ceiling  limit  and  20-35%  strontium  chromate  in  the 
primer  paints,  the  limit  is  easily  exceeded.  Interestingly,  the  effect  of  varyi^  recirculation 
has  a negligible  effect  on  strontium  chromate  concentrations.  The  limit  for  strontium 
chromate  is  exceeded  even  when  there  is  no  recirculation.  Pan  of  the  reason  that 
recirculation  has  little  effect  on  stromium  chromate  concentialions  is  because  solid 
chemicals  like  strontium  chromate  are  niiered  before  (he  air  is  rectrculaled  back  into  the 
focilhy.  The  filtration  system  to  be  installed  at  the  Hill  AFB  paint  focility  will  have  two 
sets  of  Biters  in  series  so  that  ait  passes  one  set  of  filters  then  another  set  of  filters.  The 
total  efficiency  of  the  system  is  expected  to  be  99%.  This  efficiency  virtually  eliminates 
solids  fiom  being  recycled  back  into  (he  building.  In  foct,  there  is  a general  pattern  that 
the  concentrations  of  chemkaU  that  are  solids  at  room  lempcraiuie  are  nearly  unaffected 
by  recirculalion  when  high  effidency  liHration  is  used. 

During  the  two  abdine  tasks,  chromium  trioxide  is  near  the  ceilmg  limit  for  a 
stripped  aircraft  and  at  only  17%  of  the  ceiling  limh  fora  palmed  aircraff.  This  is  because 
less  alodine  is  applied  to  a painted  aircrafl.  The  chmmalc  concenlraiions  during  the 
alodine  tasks  are  lower  than  the  primer  applicalions  partly  because  the  overspray  rate  for 
the  alodine  (ask  is  only  1 0%  and  the  overspray  rale  is  50%  for  the  primer  paints. 


because  il  is  a solvent  ihol  bypasses  the  flhers.  the  concenirallons  are  aflecled  by 
recirculation.  Toluene  iiKreases  gradually  01  first  then  more  rapidly  as  iccirculaiion 
increases.  The  highest  relative  concentrations  of  toluene  are  during  the  MEK  wash  task. 
However,  the  toluene  does  not  exceed  the  ceiling  limit  even  at  the  higher  recirculalion 

Relative  TWA  Graph  I05HA  Onh-) 

The  relative  TWA  graph  using  OSHA  PELa  is  shown  in  figure  7-3.  This  graph 
shows  several  tasks  exponentially  increasing  in  concentration  ns  recircuialion  increases. 
The  upper  three  curves,  which  all  start  just  above  the  OSHA  PEL  involve  the 


Figure  7-3  Relative  TWA  Co 


i(OSHA  Only) 
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polyurethane  painting  tasks.  The  chemical  involved  is  the  free  monomer  form  of 
hexamethylene  diisocyanaie  (HDI).  There  Is  generally  a 4-fold  increase  in  relative  TWA 
concentrations  from  0%  to  75%  recirculation.  The  OSHA  PEL  for  HDI-monomer  is 
0.034  mg/m’  and  it  is  treated  as  a liquid  because  it  is  volatile.  It  should  be  noted  that  all 
the  MSDSs  for  the  polyurethane  paints  indicated  < 0.5%  HDI-monomer.  As  a 
conservative  assumption,  the  it^ut  to  the  model  vstts  0.5%  even  though  h is  likely  that  the 
actual  amount  of  HDI-monomer  is  less  than  0.5%.  Actual  concentrations  of  HDI- 
monomer  are  likely  to  be  less  than  the  model's  predictions.  In  fact,  one  study  which 
analyzed  points  from  five  diflerent  manulitcutreis  showed  that  the  paints  contained  30  to 
36%  HDI-polymer  but  only  0. 19  to  0-32%  HDI-monomer  (Rosenburg  and  Tuomi.  1 984: 
119). 

Virtually  all  other  tasks  on  the  relative  TWA  graph  are  increasing  exponentially 
whh  recirculation  and  all  the  chemicals  involved  are  liquids  that  will  evaporate  regardless 
of  fihralion.  The  highest  task  among  these  liquids  is  the  Air  Force  Sealer  huk  invoiving 
the  chemical  n.  n-Dimethylformamide.  which  has  on  OSHA  PEL  of  30  mg/m’.  This 
chemical  exceeds  the  PEL  only  at  the  98%  level  and  all  other  chemicals  ore  predicted  to 
remain  below  their  respective  OSHA  PELS  in  the  other  tasks.  Table  7-1  listsihe 
concentration  data  generated  by  the  model  which  was  used  to  create  both  the  "OSHA 
Only"  graphs  (figures  7-2  and  7-3). 

Red  Lines  in  Oraohs  - Chemical  Change 

If  a chemical  with  the  highest  relative  maximum  or  TWA  concentration  changes  at 
some  level  of  recirculation,  a red  line  will  appear  on  the  curve.  The  red  line  iodicales  that 


I difforenl  chemical  i 
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Table  7-1  Relaiive  MAX  and  TWA  Conceuralkm  Data  (OSHA  Only) 


HIGHEST  MAX/CEIL  sndTWAIOEL  for 
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recirculation.  For  example,  in  figure  7-3.  under  Ihe  Prime-Navy  task,  Diere  is  a ted  line  at 
the  end  of  the  curve  between  90%  and  98%.  This  red  line  indicales  that  Ihe  chemical  (hat 
had  the  highest  relative  TWA  lioni  0%  to  80%  recirculation  has  changed  to  a different 
chemical  at  90%  reclrculatlan.  The  highest  chemical  was  talc,  non-asbesiiform  fiom  0% 
to  80%  recirculalian  but  it  was  surpassed  at  90%  and  98%  recirculation  by  methyl  ethyl 
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[he  model  only  plots  the  highest  reblive  chemical  wAhio  each  task,  the 
red  line  was  added  to  signai  when  Iheie  is  a change  in  the  chemical.  So  in  the  example 
above,  talc,  non^asbestilbrni  b listed  in  the  legend  under  the  Prime-Navy  (ask  because  it 
ted  the  highest  relaiive  TWA  at  0%  recirculation.  A chemical  switch  will  not  te  noted  in 
the  legend,  due  to  space  limitalions.  However,  the  user  will  be  akncd  that  a chemical 
change  has  occurred  when  a red  line  in  shown  in  the  graph.  The  user  can  go  to  the 
spread^ieet  named  "Top  4 Chem"  to  view  the  top  four  chemicals  in  that  task,  Thb  will 
allow  the  user  to  see  moia  detailed  chemical  concenlralion  data  within  a specific  task. 

The  "Dam"  spreadsheet  can  also  be  manipulated  by  changii^  the  recirculation  level  to 
identily  the  chemical  and  product  that  has  the  highest  relative  concentraiioa 
Relaiive  Maximum  Graph  (OSHA  and  ACGIHl 

Figure  7-4  b a graph  of  the  highest  relative  maximum  and  TWA  concemralions  with 
respect  to  the  applicable  ceiling  limh  or  STEL  according  to  OSHA  or  ACGIH  (whichever 
b most  conservalivel.  Several  features  on  thb  relative  maximum  graph  are  similac  to  the 
"OSHA  only"  relative  maximum  graph  discussed  above.  The  uppermost  three  lines 
correspond  to  the  three  primer  applications,  which  b the  same  as  the  "OSHA  only"  graph 
because  the  same  OSHA  limit  for  strontium  chromate  (0.2  n^m’)  b used.  Also,  the  two 
aiodine  processes  are  the  same  as  the  "OSHA  only"  graph.  These  primer  and  alodine 
processes  involve  chromate  soIkU  and  arc  nearly  unalfecled  by  recirculation  because 
filtration  eliminates  much  of  (he  chromate  solids  before  the  air  b recirculated. 

The  rest  ofthe  tasks  on  the  reblive  maximum  gratfo  involve  liquids  that  increase 
exponentially  with  the  rccircublion  level.  The  curves  for  the  three  polyurethane  and  two 


Figure  7-4  Relative  Maximum  CoiKeniraiions  (OSKA  and  ACCIH) 


slencG  leaks  have  ^Aed  upwards  when  ACGIH  OELs  are  taken  into  account.  The 
reason  for  this  is  because  ACGIH  hn-saSTEL  of  307  tng/m'  for  methyl  isobulyl  ketone 
(MIBK)  found  in  the  polyurethane  paints  whereas  OSHA  does  not  have  a STEL  for 
M]BK.  MIBK  has  a higher  relative  maximum  concentrations  than  the  toluene 
concentmlions  found  in  the  "OSHAOnly"  graph  (figure  7-2).  The  three  polyurethane 
tasks  and  the  MEK  wa^  process  exceed  the  applicable  coiling  at  the  98%  recirculation 
level  but  are  below  the  ceiling  levels  below  95%  recirculation.  The  curves  for  the  two 
sealer  tasks  and  the  brightener  task  also  shift  upwards  due  to  lower  ceilings  limits  when 


ACGIH  OELs  are  applied. 
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R>l.tiv>  TWA  Graph  lOSHA  and  ACGIH) 

Figure  7-5  is  a graph  of  the  highesl  reblive  TWA  concencraliotis  with  reject  to 
both  OSHA  PELS  and  ACCIH  TLVs  (whichever  is  most  conservative).  Perhaps  the  most 
striking  result  of  this  graph  is  the  three  primer  tasks  which  are  predicted  at  roughly  750 
(AF  strip).  1000  {AF  painted)  and  1 000  (Navy)  times  the  ACGIH  limit  for  StronUum 

Chromate.  There  is  no  OSHA  PEL  for  strontium  chromate  only  an  OSHA  ceiling  limit. 
However,  the  ACGIH  TLV  for  stromhim  chromate  is  0.0005  mg/m’  (as  Cr),  which  is 
0.002  mg/m’  when  weight  adjusted  for  strantium  (see  Chaplet  4.  Regulatory  Limits  for 
caJculaiioos) 


Figure  7-5  Relative  TWA  Concentrations  (OSHA  and  ACQIH) 
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To  gain  a heller  underaanding  as  lo  why  lhi$  concemralion  can  be  so  relalively 
high,  acalcublion  will  be  pefformed  below.  U only  lakes  a TWA  concemralion  of  2 
mg/m'  of  strontium  chromate  lo  exceed  the  0.002  mg/m‘  limil  by  1000  times.  For 
example,  the  navy  primer  paint  contains  25  % strontium  chromate  and  the  average 
application  rate  of  primer  paint  is  five  gaUons/hour.  Assume  the  over^xay  is  50%.  the 
product  density  is  1 .3  mgiml  and  there  is  no  recirculalkm.  The  steady  stale  concentration 
derived  in  chapter  3 is  given  below.  The  formula  is  multiplied  by  the  overspray  because 
oversprayetfecis  solid  concentrations  such  as  stronihanchromale.  S is  the  source 
concentration  and  Qi  is  the  lolai  Dow  rale.  The  steady  stale  concentration  is  as  follows: 


— s % by  wt  • GaThr  * Pptad  * 03.067 


The  Navy  printer  paint  is  used  for  three  hours  so  (he  TWA  in  an  8-hour  day  can  be 
esnimaied  at  5mg/ni’  *(3/8)  = 1-9  mg/m’.  This  TWA  is  about  1000  times  the  ACGIH 
limil  of 0.002  mg/m’  with  no  recirculation  at  alL  Air  sampling  results  for  hexavaiem 
chromate  taken  at  this  facility,  also  show  concentralkms  reaching  up  to  1000  times  the 


ACOIH  TLV I 


Ur  Sampling  in  Chapter  6). 
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An  irt^Hrtanl  fcolure  in  this  graph  is  ihal  the  efRcl  of  recircuktkm  is  negligible 
during  ihc  primer  npplicnlions.  From  a leeirculalion  of0%  lo  98%,  the  relative  TWA 
changes  for  the  Prime  AF  - Paint  task  is  from  1008  lo  1018  limes  the  TLV,  This  is  a 1% 
change  inconcentralion.  which  corresponds  to  the  filtration  efiicieDcy  of  99%.  The 
filtration  efficiency  is  the  most  important  parameter  when  evaluating  solid  particles  at  high 
recirculation  rates.  The  percent  increase  in  concentration  for  solids  is  rou^tly  (1-  filler 
efficiency)  when  recirculation  is  near  100%. 

With  the  relative  TWA  for  sironliimi  chromate  so  high,  other  chemicals  can  be 
masked  because  the  graph  only  shows  the  highest  chemical  per  task.  A fitrther  evaluation 
of  the  primer  tasks  using  the  "Top  4 Chem"  dieei,  which  displays  the  top  four  chemicals  in 
any  selected  lasV  shows  that  in  the  Prime  AF-strip  task,  methylene  bispheoyl  isocyanate 
(MDl)  is  also  high.  MDI  had  arelative  TWA  of  7.2  (ACGIH  TLV  = .05  mg^m'),  and  it 
was  also  neatly  unaffected  by  recirculation.  Also  masked  by  Ihe  high  strontium  chromate 
levels  is  sQica.  cristohalite  during  the  Prime-Navy  task.  It  had  a nearly  consianl  relative 
TWA  at  7.7  (ACQIH  TLV=0.05.  OSHA  PEL-30  mg/m')  across  all  recirculation  leveis. 
The  MDI  and  silica  crislobolile  are  solids  and  ore  therefore  nearly  unaflecied  by 
recirculalion. 

Also  in  the  relative  TWA  graph  (figure  7-5),  the  three  polyurethane  tasks  remain 
the  same  as  the  TWA  graph  for  OSHA  only  (figure  7-3).  The  HDl-monomer  is  increasing 
with  respect  to  recirculation  in  these  three  polyurethane  tasks  (sec  discussion  in  TWA 
graph  for  OSHA  only). 

The  two  atodine  are  now  on  the  TWA  graph  when  ACOIH  TLVs  ore  taken  into 


lACGIHTLVofO.OI  mg/m‘ whereas  OSHA 
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does  not  have  a PEL  for  chromiiun  (08HA  has  a ceiling  only).  However,  the  alodine 
tasks  are  nearly  unaffected  by  recirculation. 

The  two  sealer  tasks  are  the  same  with  or  without  the  ACGIH  TLVs  because 
OSHA  and  ACCIH  agree  on  a TWA  for  the  highest  chemicals  which  are  n.o- 
dimethylacelamide  and  n.n,<iltnethyUbnnBmide.  The  MEK  wash  task  shifts  upwards 
because  the  ACGIH  limit  Ibr  toluene  is  188  mg/m’  versus  OSHAs  limit  of  750  mg/in’. 

This  shifts  the  highest  chemical  in  the  MEK  wash  from  MEK  to  toluerte  when  ACGIH 
limits  ore  used.  A curve  for  the  brightener  ta^  can  not  be  seen  in  this  gra;^  because  the 
values  are  exactly  the  same  as  the  Navy-Sealer  task. 

The  Navy  stencil  task  Is  the  same  with  or  without  ACGIH  OELs  because  both 
OSHA  and  ACGIH  agree  on  the  TWA  limit  for  HDI-monomer.  The  AF  stencil  task  is 
shifted  upwards  because  the  ACGIH  TLV  for  MIBK  is  205  mg/m’  and  the  OSHA  PEL  is 
410  mg/m'  giving  a hither  relative  TWA  for  MIBK.  Ttd^  7-2  lists  the  relative  maximum 
and  TWA  concentration  data  used  to  create  the  graphs  in  figures  7-4  and  7-5. 

General  Trends  in  Concentration  Data 

There  was  a general  rrerid  noticed  in  most  of  the  concentration  data  where  liquid 
chemicfils  are  concerned.  There  is  a gradual  increase  in  concentrations  followed  by  a more 

by  five  times  at  80%.  10  times  at  90%  and  50  times  at  98%.  This  trend  may  not  alw^ 
hold  true.  If  airflow  was  lower  or  building  volume  was  smaller,  the  lag  effect  in 


1 significam  and  the  trends  may  not  be  I 


141 


Table  7-2  MA»CeU  and  TWA/OEI.  Dale  for  ACGIH  and  OSHA 


HIGHEST  M AX/CEIL  and  TWAA3EL 
foiACaiHandOSHA 
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The  perceni  iocreasea  followed  a panem  lhal  ia  shown  in  table  7-3.  Also,  a 10  times 

relation  to  the  OEL.  ITk  pailem  in  the  percent  increases  is  ^wn  in  table  7-3.  Also,  the 
trend  follows  the  steady  stale  concemnlion  formula  derived  in  Chapter  3.  If  the  emission 


source  and  the  loiaJ  Dow  rale  ore  consumi.  the  modified  fomiula  below  can  be  a good 
general  rule  of  ihumb.  Co  a the  concentration  with  0%  rtcirculatiorL 


Table  7-3  General  Trends  in  Concentration  Data 


Fire/Explosion  Estimator 

Figures  7-6a  and  7-6b,  illustrate  another  model  output  concerning  the 
fire/etcpiosion  hazard  at  the  98%  and  90%  recirculation  levels.  As  recirculation  increases, 
so  does  the  threat  of  a fire  hazard.  Asa  way  ofeslimating  the  fire  hazard,  h isassuoied 
that  the  total  quantity  of  a product  will  contribute  to  the  fire  hazard.  Tbe  itiaximum 
concentration  in  each  task  is  calculated  by  dimming  the  maximum  concentration  ofeveiy 
product  in  that  task  (see  Lower  Explosive  Limh  in  Chapter  2 for  more  detail).  The  resuils 
are  then  plotted  on  a graph  similar  to  the  ones  shown  b %ures  7-6a  and  7-6b.  When  the 
recirculation  level  is  at  98%  (figure  7-6a),  tbe  highest  concentration  occurs  du 


ring  the 


Fira/Eiploslon  Estimator 

m otChsmlcsl  Concantrstions  (ppm|/Taslc  at  Roc  ire  ot9B% 
Rettuiied  < 2,500  ppm  • Rocommend  <1000  ppm 


t I I i i I I f i I 


ReOPlroQ  < 2.500  ppm  - Recommend  <1000  ppm 


Figure  7-6  Fire  Hazard  Maximum  Concenlnition  in  PPM;  a)  at  98%  and  b)  at  90% 
Recirculation 


Nav>  Polyureihanc  lask  with  a poiemiol  maximiun  of2,300  ppm.  Because  mosi  chemicals 
have  a lower  explosive  limit  (LED  of  1%  (10,000  ppm).  OSHA  requires  that 
concentiaiions  be  kept  below  25%  of  the  LEL  (see  chapter  2)  and  10%  is  recommended. 
Therefore,  the  concentration  must  not  exceed  2.500  ppm  and  preferably  less  than  1 .000 
ppm.  While  the  highest  concentration  of  2,300  ppm  is  betow  the  required  maximum  of 
2.500  ppm.  this  is  close  enough  to  be  a concern  because  the  risk  of  an  eiqrloskin  is  so 
devastating.  At  90%,  shown  in  Ggure  7-6b,  the  highest  concentration,  which  is  during  the 
Navy  polyurethane  task  drops  from  2300  ppm  to  465  ppm.  This  calculation  is  only  an 
estimate  and  localized  higher  concentrations  within  the  building  or  ductwork  could 
buildup  making  the  potential  for  an  expbsive  hazard  even  greater.  Also,  chemicfils  with  a 
lower  LEL  may  be  used  instead  of  the  assumed  1%.  It  would  therefore  be  prudent  to 
keep  recirculation  below  75%  due  to  uncertainties  in  the  fire  hazard.  A recirculation  level 
of  75%  provides  a more  comfortable  cushion  to  protect  against  the  threat  of  a lire  or 
explosion  caused  by  chcmicaJ  build-up.  A more  detailed  fire  hazard  analysis  is  necessary 
to  be  sure  25%  of  the  LEL  is  not  exceeded  at  higher  levels  of  recirculation. 

Ecoiiomic  Outputs 

The  economic  outputs  are  illustrated  in  two  diSerent  ways:  Cumulative  Costs  over 
1 0 years  and  Annualized  Costs.  The  1 0 year  cumulative  costs  assumes  the  initial  capital 
costs  ore  spent  in  year  0,  then  the  annual  operating  costs  are  added  tncrementally  each 
year  over  the  next  10  years.  It  is  assumed  that  the  control  systems  have  a 10-year  lifetime. 
The  cumulative  costs  are  based  on  a specific  recirculation  rate.  Figures  7-7a  and  7-7b 


145 


-a-C^rbon'RTO  -A-RTOONLV  Thftmll  lAcm 

CumutaUvs  Cost  Over  10  ytsra 
St  Rscfrculatlon  Lsvsl » 0% 


->-CoPO«hRTO  -^RTOOWLV  Thsnnil  Inein  i 


Figure  7-7  Air  Coiurol  Costs  Over  1 0 Years:  a)  at  73Vb  and  b)  at  0%  Recirculation 
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penain  to  75W  and  0%  recirculation  rales.  The  lowest  cumulativB  cosl  over  10  years  in 
both  cases  is  the  RTO  with  carbon  adsorption.  The  data  labels  on  Ihe  chan  correspond  to 
the  RTO  with  carbon  adsorption  curve.  Initially,  there  is  a $2.68  million  diSerence 
between  the  7S%  recirculation  and  (fii  tecirculoiion.  After  10  years,  there  is  a S4.2S 

The  other  way  the  model  graphs  cost  is  on  an  annualized  basis  as  shown  in  Ggure 
7-8.  This  is  an  economic  principle  that  spreads  the  capital  cosl  of  the  system  across  Ihe 
lifetime  oflhe  sysem  into  equal  annualized  costs.  It  does  not  reflect  actual  annual 

made.  This  allows  Ihe  user  lo  compare  costa  versus  various  levels  of  recirculation  rather 


; 7-8  Annualized  Cost  at  Various  Recirculali 


than  ju9  seleclmg  one  r 
with  the  higher  cost  hav 


recirculation  level.  As  am  be  seen  in  figure  7-8.  the  technologies 
ve  a more  dramatic  difierence  in  annualized  cost  with  changes  in 
recirculation.  However,  the  RTO  with  carbon  adsorption  still  has  a substantial  drop  fiom 
S870.000  annually  at  0%  to  $320,000  annually  at  80%  (SSSO.OOO  annual  savings). 

Miscellaneous  Oulnuts 

Another  usefiil  graph  for  environmental  management  purposes  is  the  VOC  Output 
by  task  shown  in  figure  7-9 . This  graph  allows  the  user  to  see  a breakdown  of  which 
tasks  produce  the  bulk  of  the  VOCs.  The  total  output  of  VOCs  fiom  the  HiU  AFB 
painting  facility  is  30.42 1 Ibs/year.  The  task  with  the  greatest  output  ot  this  foeiiity  is  the 

VOC  Ib/yr  By  Task  Total  = 30421  Ib/yr 


Lbs/YrbyTask 


Figure  7-9  VOC  I 
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"Poly-AF-gray"  with  10,798  Ibsiycar  ofVOCs  being  oucpul  accounting  for  36%  of  the 
total.  This  makes  sense  because  36  of  the  50  planes  painted  in  this  fecility  are  Air  Force 
with  a gray  paint  scheme.  The  next  highest  task  is  the  "poly-Navy^  task  with  an  output  of 
4 J66  Ibstyear.  This  is  followed  by  the  MEK  Wash  task  at  3.638  Ibs/year.  An 
environmental  tramager  can  look  more  closely  at  the  tasks  contributing  the  greatest 
amount  ofVtXls  to  reduce  the  VOC  ensasions  from  this  lacility.  Perhaps  diSerenl 
polyurethane  paints  could  be  substituted  to  reduce  overall  emissions. 

Another  usehil  graph  istbe  annual  hoursdask  graph  shown  in  iigiire  7-10.  It  gives 
a breakdown  of  the  annual  number  of  hours  per  task.  Of  the  4.047  annual  hours 
accounted  for  at  the  Hill  AFB  painting  lacilhy.  1920  hours  (47%)  is  spent  with  Air  Force 
stenciling  followed  by  720  hours  (18%)  spent  with  Navy  stenciling.  All  other  tasks 


Annual  Hrs /Task  Total  Hrs  = 4047 .5 


Figure  7-10 


IHouis  Per  Task 
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require  less  time  compmiivcly.  This  chan  can  also  help  in  the  decision  making  over 
teeirculalkm.  At  the  Hill  AFB  paiming  fecility  over  half  of  the  time  is  spent  stenciling 
which  outputs  the  least  ammmtof  relalire  concentrations.  The  amount  of  lime  a worker 
spends  in  a hazardous  environment  is  not  supposed  to  be  used  when  inlerprelin|  OSHA  or 
ACCIH  data  because  the  limits  are  based  on  on  8-hour  day,  40-hour  workweek.  However 
if  large  concentrations  ore  produced  during  tasks  that  occur  infrequently,  perhaps  other 
allemarives  could  be  emertained  sutdi  doing  the  task  outside  when  feasible. 

Recommendations 

The  following  section  will  provide  some  recommendations  for  the  Kill  AFB 
palming  fodlity  that  can  also  be  applied  to  other  industrial  sites  considering  recirculating 
industrial  air.  Recirculation  is  only  one  option  to  reduce  compbance  costs.  Due  to  the 
&C1  (hat  recirculating  industrial  air  will  increase  indoor  air  concemiatioiis.  it  is  pruderu  lo 
consider  other  more  desirable  options  first.  For  example,  switching  lo  low  VOC  paints 
would  eliminate  the  requirement  and  the  expense  of  destroying  VOCs.  In  reducing 
compliance  costs,  process  modificaiions  or  product  subsiiiutioiis  should  always  he 
considered  first  before  recirculation  is  considwed.  At  the  Hill  AFB  painting  facilfty,  these 
options  are  not  practical  due  to  aircnxA  maintenance  requirements  and  poor  adhesion  with 
low  \OC  paints. 

A recirculation  of  75%  or  less  is  recommended  for  Ihc  Hill  AFB  paiming  facility. 
The  increases  in  conccmralions  for  all  chemicals  are  modest  up  to  about  75%.  Afler  75% 
ite  coiKtenlralions  begin  to  increase  more  rapidly.  The  highesi  chemical  Ihal  is  etfocicd  by 
recirculation  is  the  HDl-monomer  during  the  polyurethane  tasks.  The  increases  in  relative 
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TWAconcenusik)nforHDItromOto75%t«;irculalionis2.6to  10.5.  However,  the 
strontium  chromate  conccntratioiis  during  the  primer  painting  can  reach  1000  times  the 
OEL  and  is  unalfccted  by  recirculation.  Therefore,  the  level  of  protection  needed  for  the 
primer  tasks  will  provide  adequate  protection  for  the  HDI-monomer  concentrations  during 
the  polyurethane  tasks.  The  capital  cost  ofa  VOC  control  device  using  the  RTO  with 
carbon  adsorption  technology  is  SA.48  million  end  51.8  miOion  at  0%  and  75% 
recirculation  respectively  (saving  52.68  milUon).  The  annual  operating  cost  is  SI  16.000  at 
75%  and  5237.000  whh  no  recirculalioD  (savii%  5121.000  annually). 

!l  is  strongly  recommended  that  the  respirators  used  in  the  Hill  AFB  painting 
facility  be  upgraded  to  a pressure-demand,  full-lace  lespirator.  Tlie  re^irators  cuneotly 
used  at  the  facility  are  continuous  flow  hoods,  which  have  an  assigned  protection  telor 
(APR  of  25.  The  APF  for  different  types  of  respirators  are  given  in  AFOSH  Standard  48- 
I.  Appendix  4 (AFOSH  48-1.  1996).  which  was  written  to  comply  with  OSHA's 
respiiBIory  protection  regulation  29  CFR  1910.134  (OSHA.  1997b).  A selection  from  Uie 
Air  Force  Standard  is  shown  in  table  7-4  below.  A pressure-demand,  ftill-face  respirator 
provides  an  APF  oflOOO.  This  level  of  protection  is  needed  due  to  the  potentially  high 
concentrations  of  hexavalem  chromium  during  the  primer  tasks. 

This  recommendation  for  enhanced  respiratoiyprolectionisnol  due  to  the 
anlicipaiion  ofrecirculatbn  but  due  to  the  high  levels  of  chromate  predicted  in  the  model 
and  verified  during  air  sampling  (see  Air  Sampling  in  Chapter  6).  Diligent  use  of  personal 
protective  equipment  such  as  raspiraiors  is  critical  to  the  safety  of  workers.  Qualitative 
and  qutmlftalive  respiratory  fit-tests  and  empbyee  training  on  proper  use  and  care  of 


uid  be  conducted  regularly. 
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[I  is  also  recommended  Ihol  highly  efiicienl  Rhrelionbe  installed  (above  98%  total 
filtration  efficiency).  At  a recirculation  rate  of  75%.  it  is  important  to  keep  the  chromates 
and  other  solids  from  re-entering  the  indoor  air.  The  solid  chemicals  are  the  greatest 
health  threat  at  the  Hill  AFB  painting  facility.  Recirculation  wfll  have  virtually  no  effect  on 
the  concentrations  of  solids  if  an  efficienl  filtration  system  is  used,  properly  maintained  and 
tested.  Devices  to  continuously  monitor  the  fihralton  system  are  needed  to  be  sure  the 
filters  have  not  been  breached  ailowing  particles  to  pass  through  (Lc.  holes  in  the  fibers  or 
in^perly  installed  fillers  allowing  air  gaps).  II  may  be  desirable  to  install  pre-fDters  over 
main  fillers  lo  reduce  the  frequency  and  cost  of  having  to  change  the  main  fitters.  Also, 
airflow  needs  lo  be  continuously  monitored  to  prevent  blockage  or  overloaded  filters  from 
hindering  the  airflow,  which  will  allow  chemicals  lo  buildup. 

LEL  monhors  should  be  installed  at  strategic  locuions  in  the  duct  system  and  in 
the  building  lo  warn  of  a potential  fire  hiimrd.  An  automatic  shutdown  of  the 
recirculation  unit  allowing  100%  fresh  air  needs  to  be  installed  so  the  system  can  quickly 
compensate  if  a fire  hasard  is  delected.  Intrinsically  safe  equipment  ^uld  be  used  in 
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At  the  Hill  AFB  fscility,  the  brightener  solution  contains  nitric  and  phosphoric 
acid,  which  may  create  the  need  ffar  a supplemental  acid  control  system.  The  use  of  any 
caustic  products  may  require  the  need  for  additional  pre-treatment.  An  air  scrubber 
located  before  the  VOC  control  device  may  be  required  to  prevent  damage  to  the  air 
control  system. 

Ifcarbon  odsoiption  is  used,  thermal  detection  devices  may  be  necessary  in  the 
carbon  bed  to  prevent  bed  fires.  Localized  high  tempeiatures  can  occur  in  a carbon  bed 
resulting  in  a fire  when  ketones  or  organic  acids  ore  odsorited  (see  chapter  3 for  more 
information). 

Most  importantly,  a comprehensive  air  sampling  program  dmuld  be  required  to 
validate  the  actual  air  concemrations  in  (he  building  before  and  after  a recirculation  system 
has  been  installed.  Approval  to  use  the  recirculation  system  should  be  dependent  on  air 
sampling  results.  After  a recirculation  system  is  installed,  a routine  sarm)ling  program 
should  be  established  to  periodically  check  indoor  air  concentrations.  Many  foctom  such 
as  product  changes,  poorly  maintained  filters,  equipment  changes,  or  a change  in 
application  rates  can  aher  indoor  air  concentrations. 

Even  after  recirculation  is  implemented,  efibrts  to  reduce  worker  exposures  should 
be  cominued.  For  example,  in  painting  operations  product  substitutions  for  the  primer  and 
polyurethane  painlscan  have  a significant  reduction  in  palemial  exposures.  Subsliluling 
primers  that  contain  less  slromium  chromate  and  polyurethane  paints  that  contain  less  HDl 
should  reduce  the  concenuniions  ofthesechemicals.  During  this  analyris,  h was  observed 
that  a primer  paint  being  used  at  the  Hill  AFB  Ibcility  was  changed  fiom  a primer 
containing  15%  slromium  chromate  to  a primer  comoining  30%  strontium  chromate.  The 
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change  went  unnoticed  because  the  manulhcturer  umply  reformulated  the  paint. 
Manufacturer  cefoitnulaiion  can  occur  often  without  changing  the  products  name  or  stock 
number.  Primers  with  the  leas  amount  of  strontium  chromate  should  be  used.  A long- 
term solution  is  a chromate  free  primer  or  at  lean  a primer  paint  that  contains  some  other 
chromate  salt  such  a.s  magnesium  chromate,  potassium  dichromate  or  zinc  chromate. 
These  other  chromate  compounds  have  an  ACGIH  TLV  100  times  higher  than  strontium 
chromate.  This  indicates  that  these  other  chromate  compounds  are  safer  alleinstives  then 
strunlhim  chroiralc.  A continued  search  for  safer  products  is  always  an  imclligcnt 


Process  modificalions  can  reduce  indoor  concentrations  as  well.  At  the  Hill  AFB 
painting  facility,  the  paint  guns  ore  cleaned  after  each  applicalion  by  flushing  one  or  two 
gallons  of  MEK  or  Ihinner  through  the  gun.  The  product  rinsatc  is  collected  as  hazardous 
waste  but  it  is  stOI  an  emission  source  and  creates  a waste  problem.  At  Edwards  AFB,  a 
ftiliy  enclosed  paint  gun-cleaning  unit,  which  recycles  the  cleaning  fluid,  has  been 
implemented  to  clean  paint  guns  unth  virtually  no  emissions.  One  source  for  the  enclosed 
cleaning  units  is:  Cun  Wash  Unit  mode  by  Graco  (Model  1 12-638)  at  (800)  328-0211- 
Conclustons 


The  objective  of  this  research  to  develop  a compucer  model  to  assess  cost  and 
worker  safety  relative  to  recirculating  industrial  air  is  completed.  Also,  the  objective  of 
performing  a co-se  study  at  Hill  AFB  C-130  painting  operations  to  validale  and 
demonslrate  tbemodeliscompleled.  Recirculating  industrial  air  has  serious  ramificaiions 
that  should  not  be  taken  lighlly.  if  not  properly  designed,  adverse  conditions  could 
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endanger  workers' health.  Ifihe  system  is  properlydesignedsnd  all  lasks  are  taken  into 
coRiideralion.  recineulating  some  trnclkm  of  the  air  can  be  done  safely  and  cost  eflisclively. 
At  ibe  Hill  AFB  C-130  painting  &ciiily.  recirculalmg  75%  of  the  air  has  a negligible 
impact  on  workers'  health  and  can  save  $2.68  million  in  capital  costs. 

Using  the  model  created  in  this  dis.<iertalion  to  help  visualize  the  impact  of 
recirculation  along  with  good  sound  judgement  diould  result  in  a b«ter  decision 
concerning  the  use  of  recirculation.  Data  entry  into  the  model  is  made  easy  with  a user 
friendly  windows  environment  and  an  interactive  chemical  database  containing  over  1 300 
chemicols.  This  helps  to  ensure  the  model  becomes  a uselul  tool  when  contemplating 
recirculalion  or  during  industrial  hygiene  evaluations.  Thera  is  a ri^  taken  when  tedious 
hand  calculations  are  perfonned  on  "selected  products."  Some  overlooked  products  may 
be  a major  health  threat  and  go  unnoticed. 

Other  models  designed  10  predict  air  concentrations  are  based  on  saturation  vapor 
pressure,  which  yield  unrealistic  results.  This  model  was  created  in  Excel,  which  is  a 
&miliar  spreaddicel  format  to  aDow  the  user  to  manipulate  the  output  data  as  needed. 
Afler  the  model  creates  the  output  data,  ail  formulas  are  stored  in  Excel  so  the  user  can 
determine  bow  certain  caleulaiions  are  performed.  A fiilly  illustrated  user's  manual  writien 
in  Word  97  also  teiliiaiesthe  use  ofthe  model. 


GLOSSARY 
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rime  Wcighlcd  Average 

Visual  Ba»  for  Aeplicaliona 
Volalik  OfBanic  Compound 


APPENDIX 
PRODUCT  LIST 


The  products  used  in  each  tash  arc  described  by 

• Name -Name  of  the  Product, 

• NUN  - National  Iiem  Ideoiificalion  Number. 

• Prod  Hrs  - average  number  of  hours  that  the  product  b used  within  the  task. 

• Avg  Gal  - average  gallons  of  product  used  in  that  Utah, 

• Max  Gal  - maximum  gallons  of  product  used  in  that  task. 
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